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SALINE-WATER RESOURCES OF NORTH DAKOTA

By C. J. Robinove, R. H. Langford, and J. W. Brookhart

ABSTRACT

Natural waters in North Dakota have been arbitrarily defined in this report as saline
or fresh; water containing more than 1,000 ppm (parts per million) of dissolvec solids or
having a specific conductance greater than 1,400 micromhos per centimeter at 25°C is
considered to be saline, A large proportion of the available water supply of No+h Dakota
is saline,

Saline ground water is available in small to large amounts from aquifers of Paleozoic
age; in moderate to large amounts from the Dakota sandstone, in small amounts from the
Fox Hills sandstone, and in small to moderate amounts from the Hell Creek formation,
all of Mesozoic age; and in small to moderate amounts from the Fort Union fcrmation of
Cenozoic age; and in extremely variable amounts from the glacial drift and slluvium of
Cenozoic age. In this report, yields of less than 150 gpm (gallons per minute) to indi-
vidual wells are considered to be small; 150 to 350 gpm, moderate; and more than 350
gpm, large,

Generally, the saline ground water is only slightly saline (contains 1,000 to 3,000 ppm
of dissolved solids). However, some water from the Dakota sandstone is moderately
saline (3,000 to 10,000 ppm), some from glacial drift and alluvium is very sali~e (10,000
to 35,000 ppm), and some from aquifers of Paleozoic age is briny (more than 35,000 ppm).

Saline water from aquifers of Paleozoic age is generally of the sodium chloride type;
from the Dakota sandstone, of the sodium chloride sulfate type; from the Fox FKills sand-
stone, of the sodium bicarbonate type; from the Hell Creek formation and upver part of
the Fort Unjon formation, of the sodium bicarbonate sulfate type; and from tt e Cannon-

ball member of the Fort Union formation, of the sodium chloride type. Saline water from
glacial drift and alluvium varies widely ir type.

Tributaries of the Missouri River are slightly saline at low flow. Investigat'ons of the
chemical quality of the major tributaries show that the water is generally of the sodium
sulfate bicatbonate type. Many lakes in the Devils Lake basin zre saline. Tl < water in
these lakes is of the sodium sulfate type and is from slightly saline in Sixmile Bay of
Devils Lake to briny in eastern Stump Lake and East Devils Lake,

INTRODUCTION
PURPOSE AND SCOPE
Public Law 448 (U. S. Congress, 1952) authorized the estab-

lishment of the Saline Water Conversion Program of the U. S.
Department of the Interior. The law provides for resecrch into
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and development of practicable and economical means of pro-
ducing fresh water from sea water or other saline water for
the purpose of conserving and increasing the water resources
of the Nation. A necessary part of the program is the deter-
mination of the quantity and quality of water that is avzilable for
demineralization.

Alarge proportion of the available water supply of North Dakota
is saline. Water-resources investigations in North Dakota in the
past have been confined principally to a search for water of the
best quality available. This report is a compilation and an evalu-
ation of the available data on the quality and quantity of raline wa-
ter in North Dakota. It is one of a series of reports describing
the saline-water resources in different areas of the United States.

The scope of this reconnaissance report is limited by lack of
information on the quantity of saline ground water. The lack of
information is due partly to the practice of abandoning wells as
soon as the water is found to be too highly minerzlized for
general use. Therefore, only rough estimates of the yields from
some water-bearing formations have been made for the evaluation
of saline ground-water supplies.

The scope of this report is limited also because a complete
inventory of the available analyses of saline water was not made.
Analyses made by oil companies and railroad companies and by
Federal agencies other than the Geological Survey are not
included.

Many of the data on the saline waters of North Dakota were ex-
tracted from reports of the North Dakota Geological Survey.
Some data were obtained from the North Dakota State Health
Department.

This cooperative investigation was under the general super-
vision of A. N. Sayre, Chief, Ground Water Branch, and S. K.
Love, Chief, Quality of Water Branch, of the Water Pesources
Division, U. S. Geological Survey.

CHEMICAL ANALYSES OF WATER

In some areas of the United States where water generally con-
tains less than 100 ppm of dissolved solids, water containing
500 ppm might be considered saline. In North Dakota, however,
relatively highly mineralized water is common.

In this report natural waters are arbitrarily classified as
fresh or saline on the basis of their dissolved-solids content.
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Because many of the available quality-of-water data do nnt show
dissolved-solids concentrations, specific conductance wes often
used for classification. Fresh water is classified as that con-
taining dissolved solids of less than 1,000 ppm or having a
specific conductance of less than 1,400 micromhos at 25°C.
Saline water is classified as follows:

Specific
Class Dissolved solids conductance
(ppm) (micromhos at
25°C)

Slightly saline .....cccoeeerenen 1,000 to 3,000 1,400 to 4,000
Moderately saline 3,000 to 10,000 4,000 to 14,000
Very saline 10,000 to 35,000 14,000 to 57,000
Briny More than 35,000 More than 50,000

Tables of analyses of ground water include data from several
sources (Abbott and Voedisch, 1938; Akin, 1952; Aronow, Dennis,
and Akin, 1953; Dennis, 1947a, 1947b, 1947c, 1948a, and 1948b;
Dennis and Akin, 1950; Dingman and Gordon, 1955; Filaseta, 1946;
LaRocque, Swenson, and Greenmans! N. Dak. Geol. Survey, 1949—
55; Simpson, 1929; and Tychsen, 1950). Therefore, the concen-
trations of any given constituent are not shown to the same num-
ber of significant figures in all analyses. Percent sodium, total
hardness, and noncarbonate hardness were calculated if data
were sufficient. The data from Abbott and Voedisch do rot show
the date of collection; however, these analyses probably repre-
sent samples collected during 1936-37.

Tables of analyses of surface waters show data for samples
collected and analyzed by the U. S. Geological Survey during
1946-55.

Concentrations of the constituents are given in parts per
million. One part per million is a unit weight of a constituent in
a million unit weights of water.

Specific conductance, which is expressed in micromhos per
centimeter at 25°C, is a measure of the ability of a solution to
conduct an electrical current. It is approximately propnrtional
to the content of dissolved solids. Most of the concentretions of
dissolved solids shown in the tables of analyses represent the
residue on evaporation at 180°C. They may include organic
matter and water of hydration, and they are generally greater
than the sum of the determined constituents. The sum is com-
puted by adding the concentrations in parts per million of all the

1LaRocque, G. A., Jr., Swenson, H. A,, and Greenman, D. W., Geology and ground-water
resources of a part of the Souris River basin in North Dakota: U. S. Geol. Surver Ms. rept.
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determined constituents except bicarbonate, which is divided by
2.03 before summation.

The ratio of sodium to the principal cations (calcium, mag-
nesium, sodium, and potassium), expressed as a percentage,is
referred to as “percent sodium”; all concentrations in the com-
putation are expressed in equivalents per million. The following
table shows factors for converting parts per million to equiva-
lents per million.

Cation Factor Anion Factor
Calcium....couereieereresesesssennsrsnsemssnes 0.0499 Bicarbonate..........ueeemm mammaeasamees cevenere 0.0164
Magnesium., .0822 Carbonate .0333
Sodium,, 0435 Sulfate .....ccceeerereevenersevessisssnesnseeseneremen .0208
Potassium 0256 Chloride ... .0282

Fluoride..... 0526
Nitrate ...... 0161

A discussion of the significance of the dissolved constituents
of water is not included in this report but may be found in many
reports, including the current series of U. S. Geological Survey
water-supply papers entitled “Quality of surface waters of the
United States. ”

The locations of wells from which samples were collected are
shown by means of numbers; the first number indicates the town-
ship, the second indicates the range, and the third indicates the
section. (See fig. 1.) The lowercase letters that follow the sec-
tion number indicate the location of the well within the section;
the first letter indicates the quarter section, the second indicates
the quarter-quarter section, and the third indicates the quarter-
quarter-quarter section, or lu-acre tract. The letters are as-
signed in a counterclockwise direction and begin with “a” in the
northeast quarter of the section or smaller subdivision. If more
than one well is within the 10-acre tract, the well number for
each is assigned an additional numeral.

Plate 1 is a base map of North Dakota which may be used to
locate the wells or springs. Figure 2 is a map of North Dakota
showing the number of analyses of saline ground water from each
county and the sampling points on saline streams and lakes.

OCCURRENCE OF SALINE WATER

GROUND WATER

Ground water may become saline by six main processes: (1)
being trapped with sediments at the time of deposition in sea
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OCCURRENCE OF SALINE WATER 1

water or saline lakes (connate water), (2) hydrologic intercon-
nection of aquifers containing fresh water with those containing
saline water, (3) movement of saline water from a saline-water
section of an aquifer to a fresh-water section of the same aquifer
as a result of heavy withdrawal of fresh water, (4) solution of
mineral constituents in the rocks, (5) seepage of water from
saline surface-water bodies into aquifers, and (6) concentration
as the result of transpiration by plants and evaporation. Only
those processes that apply to North Dakota will be discussed.

In some formations, connate water has become more miner-
alized through natural processes so that the salinity is greater
than that of modern sea water. Such water is found mainly when
drilling for oil and gas.

Aquifers containing saline water and those containing fresh
water may be connected by natural means, which include depo-
sitional contact, juxtaposition by faulting, or fracturing by folding
or faulting, so that leakage develops. Water may move between
aquifers through confining beds, which are never completely im-~
permeable although they have a permeability lower than that of
the aquifers.

Aquifers may be connected also by several artificial means.
Wells that have been drilled through both saline-water and fresh-
water aquifers and that have faulty construction, such as unce-
mented or corroded and leaky casings or no casings at all, may
allow saline water to enter a fresh-water aquifer. A well may tap
both afresh-water aquifer containing water under a relatively high
head and a saline-water aquifer containing water under a lower
head; pumping such a well may lower the fresh-water head suffi-
ciently to allow water from the saline-water aquifer to enter the
fresh-water aquifer. Deep explorationholes for dams and building
foundations or other test holes may be drilled through a confining
bed and cause leakage from an artesian aquifer containing saline
water into an aquifer containing less mineralized water,

Ground water may become saline by solution of mineral con-
stituents inthe rocks. Solution takes place as the water percolates
downward from the surface and also inthe zone of saturation. The
total content of dissolved solids in the water is dependent on many
factors, such as the solubility of the rocks, the length of time the
water is in contact with the rocks, the temperature of the water,
and the distance the water travels in the aquifer. If mineralized
water comes in contact with ion-exchange minerals inthe aquifer,
the chemical character of the water may be changed; for example,
calcium and magnesium ions, when adsorbed on zeolites, may be
replaced by sodium ions.
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SURFACE WATER

Surface water may become saline by effluent seepage of min-
eralized ground water, solution of mineral matter ky surface
runoff, concentration by transpiration and evaporation. and dis-
posal of mineralized wastes into streams.

The salinity of streams and lakes may be due to any combina-
tion of the above factors. In western North Dakota those streams
that are saline only at base flow probably owe their salinity
primarily to seepage of mineralized ground water. In central and
eastern North Dakota, uncapped flowing wells may introduce
saline water into streams and lakes.

GENERAL GEOLOGY

North Dakota includes sections of three physiographic regions
of the Interior Plains of the United States. (See pl. 1.) These
are the Red River Valley, the Drift Prairie, and the Missouri
Plateau (Simpson, 1929, p. 4).

The Red River Valley in the eastern part of the State is under-
lain by sand, silt, and clay that were deposited in glacial Lake
Agassiz. These lacustrine deposits rest upon older glacial drift
and are bounded by beaches that mark the successive levels of
the lake. The drift of Wisconsin age or older rests unconform-
ably on rocks of Paleozoic and, in places, Mesozoic age, which
have a gentle dip to the west into the Williston Basin. The rocks
of Paleozoic age in turn rest unconformably on the Precambrian
complex of igneous and metamorphic rocks. In Grand Forks
County the Precambrian rocks are 500 to 900 feet below the land
surface.

The Drift Prairie west of the Red River Valleycontains sur-
ficial deposits of glacial drift that are continuations of the drift
underlying the Lake Agassiz basin. The western boundary of the
Drift Prairie is a line east of and approximately parallel to the
Missouri River. (See pl. 1.) The Drift Prairie is a region of
rolling uplands interspersed with areas of ground mcraine and
glacial outwash. The most prominent physiographic feature is
the Turtle Mountains. Several glacial-lake basins o<zcupy de-
pressions in the drift, notably the basins of glacial Lake Souris
in the north-central section of the State and glacial Lake Dakota
in the James River valley near the southern boundary of the
State.
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Sedimentary rocks of Cretaceous age directly underlie the gla-
cial drift in most parts of the Drift Prairie. The Pierre shale,
about 900 feet thick, is the most widely distributed subdrift for-
mation of Cretaceous age in this region. Below the rocks of the
Cretaceous system lie older rocks of Mesozoic, Paleozoic, and
Precambrian age. (See fig, 3.)

The Missouri Plateau is south and west of the Drift Prairie. A
thin veneer of glacial drift mantles the bedrock at the north edge
of the Missouri Plateau and ends at the Altamont moraine, which
marks the maximum extent of Wisconsin glaciation in North
Dakota.

South and west of the Altamont moraine, sedimentary rocks of
Late Cretaceous and Tertiary age form the surficial deposits,
except in a few places where there is a thin cover of glacial drift
older than Wisconsin. The topography of the Missouri Plateau is
more rugged than that of the Drift Prairie; large and small buttes
form the drainage divides, and in the western counties badlands
have formed in the Fort Union formation.

Older rocks of Mesozoic and Paleozoic age overlie Precam-
brian rocks in the Williston Basin. The center of the basin is in
McKenzie County and the sedimentary rocks, which dip into the
basin, have only slight structural irregularities (Kunkel, 1954),

AQUIFERS YIELDING SALINE WATER

Many of the formations shown in figure 3 are capable of
yielding only very small supplies of water. The Pierre shale,
for example, yields only meager amounts of saline water to many
wells in the eastern part of the State. In this report only those
aquifers capable of yielding more than 50 gpm to individual wells
will be described. (See table 1.) Yields of 50 to 150 gpm are
considered small; 150 to 350 gpm, moderate; and more than 350
gpm, large.

The chemical characteristics of saline water from various
formations and from the glacial drift and alluvium are shown on
figures 4 and 5 by means of patterns similar to those proposed
by Stiff (1951). The patterns are scaled in equivalents per mil-
lion of the ions and are useful in comparing different types of
water. Figures 4 and 5 show that each major aquifer may
yield several types of saline water.
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Alluvium and glacial drift; yield saline water
in some areas, fresh water in others

QUA-
TERNARY

White River formation

Unnamed unit

TERTIARY

Upper part of Fort Union formation

some areas, fresh
water in others

Cannonball member of Fort Union formation L Yield saline water in

Hell Creek formation

Fox Hills sandstone J

Pierre shale

Niobrara formation . .
>  Yield litt'= or no water

CRETACEOUS

Benton shale

Dakota sandstone; yields saline water

Yield little or no water

Yield saline water

Yield little or no water

CAMRELAN ’PALEOZOIC' TRIASSIC I RASSIC

Figure 3. —Generalized stratigraphic section of North Dakota showing saline -~wat=r aquifers.
Not drawn to scale.
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Table 1.-— Description of aquifers of which some parts are capable of yielding 50
gpm or more of saline water to individual wells

Era System Formation Character of rocks Saline water supply
Recent; Alluvium; gravel,
Alluvi d slacial sand, silt, and clay. Extremely variable
Quaternary dlrwfl:m and glacial | pleistocene: Till, glacial in quant'ty and
1 outwash, and glacio- quality.
lacustrine deposits.
Cenozoic Upper part of Fort Sandstone, shale, and
Union formation lignite.

Tertiary  feseescecessesssses [P cesedrrransccaes teessesenses O .

Cannonball membe Mari ds d Small to mnderate
of Fort Union rm; sal.\: ltone an supplies in some
formation sandy shale. areas.

Hell Creek formation | Sandstone and shale.

Small quartities.

Fox Hills sandstone Sandstone. Fresh water in

Mesozoic |Cretaceous some areas.
Moderate to large
ies. Artesi

Dakota sandstone Sandstone and shale. ;ilgsilf; son;::smn

areas.
A Small to large sup-
Paleozoic Shale, sandstone, lime- plies in eastern
stone, and dolomite. North Drkota.

Formations of Paleozoic
Dakota (see fig. 6) but do not crop out at the surface.

AQUIFERS OF

PALEOZOIC AGE

age underlie nearly all of North

The top of

the formations lies about 6, 000 feet below the land surface in the
western part of the State but less than 500 feet below in the east-
ern part. The formations become thinner and both structurally
and topographically higher toward the east; some, and in places
perhaps all, are absent in the Red River Valley. Figure 6 in-
dicates by contours on the Dakota sandstone of Cretaceous age
the general structure of the rocks of Paleozoic age.

Because the formations are deeply buried, they wer=e pene-
trated by few wells and were not defined in detail until extensive
oil exploration began in the Williston Basin in 1951. Since that
time lithologic logs of oil wells and drill-stem tests hzve pro-
vided information about the rock types and about the quality of
the water.

Simpson (1929, p. 42) reports saline water from sandstones
of Paleozoic age in Pembina and Walsh Counties. Very saline
water and brine have been reported from drill-stem tests, mainly
in the western part of the State, but data on the quantity of the
water are lacking.
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162-69-16b

Plotted to one-quarter scale

162-90~10cbce
164-92-34dc2
144-56-1b
143-65-34
EXPLANATION
Co r—-—|—,'-—'—-\—1—'—1HCO3
/ ‘\
/ ~
Mg l——é;o———v—})—‘SOq
155-79-8aa NatK N s
K ————l ety
o 15 o 6 2o hNOs
\{nts per million

137-60-25aca

Figure 5. —Chemical characteristics of saline water from glacial drift and alluvium.
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Chemical analyses of saline water from aquifers of Pzleozoic
age are shown in table 2. Wells 248 to 320 feet deep and 915 feet
deep in Walsh County produce moderately saline water, but wells
in Pembina, Burleigh, and Cavalier Counties produce brine.
Sodium chloride constitutes about 80 percent of the dissolved
solids in saline water from these aquifers. The chemicel char-
acteristics of water from aquifers of Paleozoic age are com-
pared with those from other sources in figures 4 and 5. Water
from well 159-53-2d was analyzed in 1921 and again in 1984. The
change in quality during this 34-year period was insignificant.

Brine from aquifers of Paleozoic age can be used only for
cooling, fire protection, or nonconsumptive uses unless an eco-
nomical treatment or conversion technique is developed. At
Grand Forks, in Grand Forks County, wells drilled to aquifers
of Paleozoic age produce up to 400 gpm of very saline water,
which is used for air conditioning.

AQUIFERS OF MESOZOIC AND CENOZOIC AGE

Cretaceous rocks are the most important aquifers of Mesozoic
age in North Dakota because rocks of Triassic and Jurassic age
are deeply buried and are not known to yield water.

In the major part of the drift-covered area of North Dakota
the drift is directly underlain by formations of Cretacecus age.
These formations are important aquifers in that part of the
drift-covered area where the water from the drift is unsatisfac-
tory in quality or quantity or both.

Saline-water supplies from the Hell Creek formation of Meso-
zoic age and the Fort Union formation of Cenozoic age are un-
differentiated in this report. Although in most of the western
part of the State the upper part of the Fort Union formation,
which includes the Tongue River and Ludlow members, can be
differentiated lithologically from the Cannonball member of the
Fort Union formation, the information on available well logs was
insufficient to differentiate them for this report.

Alluvium and glacial drift are the most important aquifers of
Cenozoic age in the State.
DAKOTA SANDSTONE

The oldest aquifer of Cretaceous age that yields saline water is
the Dakota sandstone, which includes a sandstone unit at the base,
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Table 2.~ Chemical analyses of saline ground water

[Source of data; a, U. S. Geological Survey; b, North Dakota Geo'ogical Survey

Pepth | Dore | Tom | qipsea |To1| Gl | Mage | | Potas-
Location | County |well col- ture ; €3 | jron |cium [nesium Num sium
(feet) | lection | ¢y |59 | (Fo) [(Ca) | (Mg) | (Na) | (K)

Formations of

1952

140-80-18ccecy Burleigh.| 8,115 |Nov. 10.J.ceereceferenns see]eronses 1,558 175| 8,406 |.ceuuees

140-80-18cccq...do..... 8,115 |.o.dOueeees | veveenee|eesnnnne [eeenns | 2,830 487 52,012 |eeeenee
1921

157-530eeunens Walsh....| 915 [Apr. 25.] 44| 24 |.ceeeee 44 22 1, 640

159-53-2d .... | Pembinad 450 |...dOuceece]eeneenes 9.4| 6.6]1,385 556 | 13,450 327
1954

159-53-2d..... «edOueee, 450 |Oct. 26,4 42 74|17 1,320 535 13,600 | 268
1921

162-53-35d... | ...do.....| 1,560 |Apr. 23. 417 10 10 1,285 517| 8,970} 177

Formations of

1951,
157-53........ | Walsh....[248-320|May 23.J........| 11 | 0.78] 49 28] 1,760 18

Formations of

162-64-26bc*d Cavyalier{ 3, 380 . 20, ueene. S
162-64-26bc>.| ---d0--+-- 3,380 ... . i . .

162-64-26bc’. ..| 3,380 |...
162-64-26bc’.| ... .13,380|...
162-64-26bc8. 3,380 |...

1From top of drill stem test.

2From middle and bottom of drill stem test.
3Composite sample of water from several wells.
4Top fluid, drill stem test 1.

a middle unit of shale, and a sandstone unit at the top. The
Dakota sandstone as used in this report may include the Fu-
son shale and Lakota sandstone or their equivalents. Thus,
the Dakota is used in a broad sense as Simpson used itin
1929,

The lower sandstone unit is ferruginous; in some places, how-
ever, it is white and micaceous. It yields saline water under ar-
tesian head and is sometimes referred to as the “second artesian
flow” by well drillers. The shale unit acts as the lower confining
bed of the upper unit of sandstone. The upper sandstone unit is
similar in lithology to the lower sandstone unit and yields the
“first artesian flow. ” The total thickness of the Dakota sandstone
ranges from 150 to 450 feet.
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from formations of Paleozoic age, North Dakota

(Circ. 33 and 57). Analytical results in parts per million except as indicated]

17

Specificl

Dis- Hardness
Bi- solved as con-
car- Car- 1 i so}ids CaCos (l::;;: duct- Source
bon- {21 |sulfate |Chloride [F1u07| Ni- |(residue sodi, 22¢e |7 of
ate | 2%¢ (50y) ((2Y) g o Cal- um (micro- data
(HCOg)} (€O (F) [(NOs)f evapo-| o0 | Non- mhos
ration | o0 | car- at
181)t°C) nesium | bonate 25°C)
Ordovician age
1,295 [...... «o12, 872 | 12,800 |cesese frasoase|oranenen ol 4,610} 3,550 80 [.ceseeene. 7.9 b
120 (.eeeee. (2,773 84, 500 [eeee. (STTUVRY RN 9,060 ( 8,960 93 {.ieeeuenes 7.15‘ b
881 0 605 1,720 eeuees 9.0 | 4,560 200 0] 95 [ceeereen eeafonces a
223 0 (2,557 23,370 .cuuuee eceeree| 42,345 | 5,740 | 5,560( 83 [..... PR a
201 0 12,470 | 23,300} 1.6 {.......| 44,300 | 5,490| 5,330 84 | 57,400]7.0 a
174 0 3,714 | 15,0501..... ..] 4.0 130,290 | 5,330 5,190] T8 |ccrurerens]enned] a
Silurian age(?)
867 0 618 1,940] 2.8]18 4,880 238 0} 94| 7,980 (7.5 a
Devonian age
156 | 52 969 [ 55 ] FPPVR PRI RN PISYS T (YT [T PR SN b
164| 65 996 489|.. ceceenese [snnsenncns b
116 |.eeen 2,044 | 19,311].. 9,180/ 9, 090}.. b
918 |....... | 1,127 | 40,551} ...[ 16,600} 15, 800/... b
75 feeeeees | 2,396 | 34, T48}... .| 14,300 14,200 b

5 Bottom fluid, drill stem test 1.
6 Top fluid, drill stem test 2.

7Middle fluid, drill stem test 2.
8 Bottom fluid, drill stem test 2.

The Dakota sandstone supplies flowing wells in a large area in
southeastern and central North Dakota (Simpson, 1929, pl. 1).
The area of flowing wells has been considerably reduced in size,
and the artesian pressure of the water has been reduced, as the
result of the discharge of many flowing wells. Many wells that at
one time flowed at high pressure now flow under reduc=d pres-
sure or do not flow at all and have to be pumped.

The quality of saline water from the Dakota sandstone is repre-
sented by 69 analyses in table 3. Generally, in the southeastern
part of the State, the water is slightly saline; however, north of
about T. 144 N., the water is moderately saline. A well (151-50~
15b) near Grand Forks produces very saline water, as does a
well (161-60-23) at Langdon.
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Sodium sulfate and sodium chloride are the major salts in solu-
tion. (See fig. 4.) Hardness exceeded 200 ppm in about half the
samples and was greater than 500 ppm in 13 samples. Because of
excessive concentrations of fluoride, iron, and dissolved solids, the
water is undesirable for domestic use, although it is used where
water of better quality is not available. Water from the Dakota
sandstone is unsuitable for irrigation because of high rodium and
dissolved-solids concentrations; furthermore, in few places would
the supply be adequate in quantity for irrigation.

FOX HILLS SANDSTONE

The Fox Hills sandstone directly overlies the Pierre shale
throughout the Missouri Plateau and in places inthe Drift Prairie.
In the Missouri Plateau it is between 180G and 320 feet in thick-
ness, but in the Drift Prairie it is partly eroded or absent.

Fresh water is obtained from the Fox Hills sandstone at several
places, including Hettinger in Adams County, Bowman and Scran-
ton in Bowman County, and Lemmon, S. Dak. Small supplies of
saline water are found in Adams, Burleigh, Kidder, McIntosh, and
Sioux Counties.

Water from the Fox Hills sandstone is primarily of the sodium
bicarbonate type. (See fig. 4.) Twelve analyses of saline water in
table 4 show that the water is only slightly saline; theaverage
dissolved-solids content is about 1,560 ppm. Generally, the water
in Adams, Burleigh, and Sioux Counties is soft; and, althcugh fluo-
ride concentrations are high, it is usedfor domestic and municipal

Table 4.—— Chemical analyses of saline ground water

[Source -of data: a, U. S. Geological Survey; b, North Dakota Geological Survey; ¢, North
per million except

Dz};th Date . Total | Cal- | Mag- [Sodi- Potas-
Location County well of (Sgigs iron |cium |nesium [.um | sium
(feet) collection (Fe) |(Ca) | (Mg) [(Na)| (K)
1921
129-71-10...cc000. |McIniosh...... 130}ceeseasscecnese 44 1.1 | 108 48 109 'ieevevene
129-T1-152 eeuene [eeesdOrecnacanses 146| June 20,,.. 31 80| 163 76 346
129-96-13...000000 |AdAMS uraaares] 1, 152)0iennreresceen 15| 0 24 4,5 1423 [eeceanese
129-96-13bbb,,,. [....do 1,150 vasesoses| o7 |esessece [soceneneas418 | 1,8
134-80-30c. SiouX,.,. 67| June 27,4 17 .63 8.0 2.6 520
134-80-30c eeeedo.es 65/s0eedOuracases 21 |eeeseees| 12 4,6 580
134-80-30c esedO 65(s0esd0sueseene 16 20 46 32 350
138-80-4b Burleigh 75| June 1Gsee. 17 J5) 15 2.4 540
I
139-73-17dseesesss| Kiddereasesesee 120} June 15,... 49 J721 150 62 101
139-73-17d 4 eeeedO, 110|¢eeedCienscace 45 |iseeeess| 193 65 85
139-77-28Ceeasesee| Burleigh, . ceseed 125(se0edOsesecces 19 4,0 | 476 8§14 2, 362
139-80 ae| sesedo, vou 200f June 16.... 13 leeesess 1.4 2.3 659
139-80cecssosercess|seeedOurersanses|  400fieeedOuneranes 317 .27 9.6 2.8 9'51
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supplies. Farther east, in McIntosh and Kidder Counties, saline
water from the Fox Hills sandstone is harder and has a lower
percent sodium and thus is more suitable for irrigation.

Well 139-77-28c produces a very saline water of the sodium sul-~
fate type. The well is in a poorly drained area, and the high sa-
linity of the water may be a result of concentration by evaporation
(Simpson, 1929, p. 96).

HELL CREEK FORMATION AND FORT UNION FORMATION, UNDIFFERENTIATED

The Hell Creek formation and the Cannonball member and the
upper part of the Fort Union formation crop out in a major part of
the Missouri Plateau in North Dakota. The Tongue River member,
which together with the Ludlow member constifutes the upper part
of the Fort Union formation, is widely distributed in the plateau
uplands; but the stratigraphically lower Hell Creek formation and
Cannonball member of the Fort Union crop out only in the tanks of
the Missouri River and its tributaries south of Washburn and in the
Little Missouri River basinin the southwestern corner of the State.

These aquifers are discussed together because of the difficulty
in differentiating between them by means of well logs. Pecause
of lateral discontinuity of the beds and pinchouts of aquifersbe-
tween confining beds of shale, the aguifers may be dewatered or
water levels lowered by heavy or prolonged pumping.

Chemical analyses of saline water from these aquifers are
given in table 5. Generally, the water is only slightly saline.

from the Fox Hills sandstone, North Dakota

Dakota Stafe Health Department or State Laboratories Department. Analytical results in parts
as indicated]

" Hardness
Dlsslq‘lived as CaCOs Per-
Bicar~| Car- Chlo~|Fluo~ | _. so.ids cent Source
bonate |bonate | Sulfate | e [rige [Nitrate| (residue Cal- | v | so- pH of
(HCOs)| (COs) | (SO | (cyy [(r) | (NOs) pn evapo-| iy | Vo= |4 im data
ration 1ma gne- carbon-
at 180°C) sium | 2t
59T [seeresses| 702 94 0.8 4.9 1,700 469 0 66 |eeees b
671 0 848 16 |eeeeeee | 3.0 1,905 732 182 S1 |liaeen a
894 24 128 3.2 .3 1,070 28 0 9T leeeee b
368 57 45 130 3.5 6 1,096 90 0 91 |8.7 c
1,039 0 227 60 Lesssanse| 10 1,367 31 0 97 leeese a
1,078 0 346 47 Lecseeees] Tod 1,539 49 0 96 leaese a
903 0 200 45 Leerenees| 24 1,168 246 0 76 |ecese a
1,015 0 323 64 | 3,0 1, 509 417 0 96 |eeees a
561 0 366 1,038 629 169 26 leseee a
554 0 389 .33 1,059 749 295 14 |eee a
1,188 0 |[7,838 7.2 13,807 4,530| 3,560 83 lesees a
1,035 0 491 1.7 1,776 28 0 98 |eesee a
1,174 0 5.9 824 Liieveeefovrconsee 2,441 35 0 98 |eeewe a
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Table 5.—Chemical analyses of saline ground water from the Hell Creek formation,
formation, undfferentiated,

[Source of data: a, U. S. Geological Survey; b, North Dakota Geological

Depth | Date | Tem- Total|Cal- | ne® | . | Potas-
Location Count Pe7ISilica | jron|ci i Sodium| gjum
Y well col- |ture |rgioy TR (SO fsium | oy S
(feet) | lection | (°F) (5102 | (Fe)|(Ca) (Mg) G
129-94-29.....|Adams...... 18 16 0.30 {188 (170 310
129-94-29.....}....do....... 120 10 .80 ] 47 32 913
130-74-31..... | Emmons....| 120 27 .8 162 51 297
130-97-23.....| Adams...... 53 18 30| 93 |[145 256
130-98-4 JRORN. [ SO 72 8.0/ 6.0 |160 103 120
131-99-33..... Bowman.... 75 9 6.0 | 72 55 232
131-100-26 ...} ....dOwsecen.| 98 6 0 30 65 453
131-102-11... | eeeedOuuecees 1,042 4 0 3.3| 4.1 359
132-69-6.......{McIntosh...| 254 42 1144 35 204
132-104-27....|Bowman.... 25 6 1.1 112 85 215
133-105-31....| Slope.csess..| 200 17 .69 9.6f 3.3 570
133-106-31....{ ....do.... 185 2 d | 10 4.8] 584 |eeererens
134-84-4.......| Morton......, 200 21 5 | 30 33 420
134-90-35..... Grant........| 431 23 .02 7.8] 8.2] 640
134-93-35.....|Hettinger...| 378 17 0 5.1 2.8 502
134-93-35¢c.e | ceredOunrunned 177 14 80| 7.6f 4.3
135-76-30..... Emmons....| 185 25 3 |16 12 400
135-97-4....... Hettinger... 78 12 .5 | 63 9.0f 311
135-101-26.... Slope.cesssedd 265 134 8 | 10 8.1 398 f.eceven..
1946
137-84~10cc..| Morton......| 47.4 |Sept. 17..[cecvacaeesrernne] ceneese]140 68 133
1954
138-81-16a...| ..e.dOueeee.a{ 400 [Sept.22,| 49 14 J32] 53| 3.9 565 2.2
1921
138-81-16.ucee ceeedOrnannes 318  {June 20./.. 14 07( 4.0f 3.1 520
139-81-27.0u0ef ¢eedOurnees{ 400-500 |....do.... 28 20| 18 7.6 795
139-81-33¢... 15 40 5.8 2.7 575
139-85-21..... 23 3.0 | 77 76 225 Jeeess weee
139-85-21..... 17 0 250 {112 89 leeerene
139-85-21..... 24 .6 | 13 12 580 leeeeenes
139-88-31. 26 d | 67 41 272
139-92-5...... 14 2.2 | 64 51 235 leeeee
139-95-3.ecae]| oeun 12 8191 66 287 connes
139-96-4acl..| 12 10| 9.01 +7.0] 574 6.4
139-96-10dd.. 11 8.0 {107 59 508 12
139-96-12bb..{ ....dOsesseee ieeesseea| 30 82 49 949
139-99~5.cceef cenedOrnrenes 11 2 64| 13 475 |.........
139-104-5¢...| Golden 27 S0} 44 24
Valley.
140-90-28..... Morton..... 15 6 119 13
140-90-28....., ceesdOuerenne 20 5 9.7 23
140-90-33b...] .... 19 .68 8.4 7.2
140-93-34d... 16 80429 1415
140-102-27... 13 A40( 27 14
140-102-27...] ... 56 24 (11 22
140-102-27a..} ... 8.6! .33] 4.0} 2.9
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T

Dis - Hardness A
solved as Sp::;?c |
Bi- Sol.ids CaCQy Per-| guct-
il L N S e o o Lo comt| e [
bon- | OV SO, |Fide |ride [trate [ron _ | cal- |Non-di~{tmicro- | P o
ate | ate | (SOp © | (m |Noy |(B evapo - " um h data
(HCOy)|(CO8) | ) | ration [Cium, | car muos
at mag- |bon- aat
180°C) jnesium{ ate 25°C)
71 0.2 2,546 11,170 {978 | 37 b
14 .8 3, 061 250 0| 89 b
19 .8 1,604 620 29| 51 b
50 |0 1,772 830 [ 480 | 40 b
4.4] 2 1,352 843 (295 | 24 [cceerceese|evees| b
8.0]1.0 2.7 levenes| 1,231 420 | 84| 55 Jeeverrensee|sennes b
-7.6{1.6 08..uee 1,298 76 0 93 |eneen b
22 |1.6 3.1.....] 1,022 25 0197 |.. b
90 | .8 5.7 [oeses] 1,229 | s515| 65| 47 |... b
5.0] .2 1.3 [ceeeee| 1,292 637|137 | 43 |.eeee b
566| 38| 729 [ 11 |.eweed] 38.0f.....d 1,673 38 0} 97 a
853 | 13 . 6.7 [eereee 1,759 45 0} 97 b
556 17.012.8 4.4 L.....| 1,463 214 01 81 b
59 | 60 |2.0 1.3 [.eeees| 1,603 53 0| 96 b
15 | 23 |3.2 3.5 heneeed 1,227 24 0} 98 b
530 34 400 6.0]ueenees| 2. 1,208 37 0| 96 a
. 6.0 16 1,236 90 0] 9N b
60 .8 1. 1,019 197 o[ 78 b
9.5| 4 4, 1,315 61 0] 94 |eeeeereees]veeed B
413 0| 530 | 20 .1 0 hueseed 1,230 629(290| 32 | 1,540 (7.3 a
1,020 8 387 14 N 3.8 [veeses| 1,530 29 0| 97 2,270 |8.3 a
| 1,200] 41 22 | 66 1,272 23 0 98 a
1,271 16 4.91533 2,059 76 0| 96 a
1, 220 0 11 |208 1,427 25 0} 98 a
521f.veeeead 467 | 57 .2 11 1,203 512 | 83| 49 b
412f.......| 535 205 2 | 212 1,671 [1,087|750 15 b
1,195 329 6.5[3.0 6.7 1, 600 83 0 94 b
720}. 323 5.0 .2 2.21... 1,092 343 0| 64 b
4491, 445 | 11 4 53 l...e.| 1,053 379 11| 58 b
689 524 6 .8 3.1 [eeeeee| 1,322 498 0] 56 b
816 47| 628 7.0 .2 .5/0.48]| 1,580 51 0} 95 | 2,260 |8.4 a
671 01,020 | 12 .2 121 2,060 510 o| 68 | 2,670 7.1 a
878 0 |1,660 9.6] .8 8. 3,310 406 0| 84 4,150 |7.8 a
1,250 0 000ee 44| 13 |6.5 9. 1,160 74 0 94 [ceevreasenifinens b
1,274 0 5317 1,963 208 0 8T [cieerecsersfirened a
847|.ceeeua] 733 1, 950 104 0
844/(........] 1755 1, 969 120 0
1,139] 58 510 1,874 51 0
2,994 4,980 [2,770 2,284
4 506 1,290 | 125| o
290 1,403 123 0
522V 38 | 506 1,294 22 0
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Table 5.—Chemical analyses of saline ground water from the Hell Creek formation,
formation, unifferentiated,

Depth Date |Tem-|  |Total|Cal- |Mag-| Potas-
Location County of of pera-| Silica | jron |cium | ne- |Sodium| gum
well col- | ture [(SiOp)| (Fe) [(Ca) [sium | (Na) (K)
(feet) | lection | (°F) (Mg)
1921
140-102-27a..| Billings.....] 505 |July 20..|...cc..] 12 0.27 5.2 2.2 470
140-104-29...} Golden 186 | .eeereennn. ~osees J 19 1.8 22 28 631 | ..... e
Valley.
142-74-1......| Kidder......| 160 | .ceceeneean ceeseend 29 .20 | 26 14 388 |.iiweeens
143-80-35.... | McLean.... 160 veeseend 11 .8 59 24 341 ..
143-83-6b..... Oliver...... 130 | June22 |.......| 11 .69 6.4 4.9 ’76|5
143-83-6b.... .e..do...... 200 | ....doccefeceneeid 15 40 7.2] 2.6 670
144-88-25.....| Mercer..... 176 sesssecqnae|eseans . 14 1 13 16 596  |eeeerees
144-88-25cb. ... 63.3 20 | 12 5.9 504
144-91-10... veerensenns]| o 1.2 81 36 502
145-92-25.... 20 0 85 61 219 |.iveenens
145-92-25.... 18 1.4 8 92 344 [iieenenn
145-92-25..0. «uun 14 .40 [138 [100 156 | eeveneen
145-92-25.... 14 .40 {133 85 249
145-92-25.... 16 .50 |132 96 111
145-92-25.... 19 1.2 {187 (108 160
145-92-25.... 12 40 | 50 58 224
145-92-25.... 11 .90 | 70 48 485
145-92-25.... 18 cesscesnanefiennens| 33 1.3 92 79 360 fieeeeeees
145-92-25.... 20 30 .60 | 72 49 318 |. o
145-92-25.... 18 31 .8 70 59 376
145-92-25.... 14 32 .60 |211 |113 712 |..
145-92-25.... 20 20 2.4 70 75 605 |ieevernns
145-92-25....] ....do....... 20 18 2 96 85 T4 |ivevenens
145-92-25.... 2 18 .9 61 39 604 |.. o
145-92-25... . 110 T4 2.6 25 13 680
145-94-26... .1 50-60 22 4.0 22 25 312
145-94-26.... 18 6.0 (8.0 167 (132 130
145-95-9a....] ....do.......| Spring 18 A4 | 16 15 342
146-77-11....} Sheridan... 430 22 1.2 50 14 44T feveerenns
1950
146-88-5cab.{ Mercer..... 65 | Aug. 9..[eeeeeenn 28 26 | 84 40 340 7.6
146-91-5cbal| Dunn....... Spring | ....do....| 48 15 20| 11 8.3| 744 4.8
147-80-28....) McLean.... 413 P 16 0 13 23 618 l...... .s
147-89-18cdc| Mercer..... 105 Aug. 9 |ieeeeens 18 8.1 71 53 260 7.8
147-90-5aaa.| McLean.... 620 Aug.10 49 12 16 6.0 1.2 914 3.3
147-90-22cce| Mercer..... 150 | Nov. 3.. 47 17 1.7 80 54 332 8.5
147-90-25abc| ....do....... 155 | ..odouieeneend 13 1.5 26 18 928 5.6
147-93-3dbb.| Dunn....... 23 | Oct. 19..ceeeessd 26 .16 9.0 11 {1,060 4.4
147-94-4dda.| ....do-......| Spring | Aug. 8.. 45 | 28 (21 [206 | 95 | 244 7.6
148-84-4.....,| 121 | ceevevienei]veeanes 20 1.4 33 29 L1 P
148-84-8..... . 140 | woeveeenann ceeenee | 27 1.3 59 33 368 ... .
148-84-8...... 122 | ceeeniienanfisennns 30 2.0 34 20 359 |ireraeens
1921
148-84-8c....| +veudouranen, 125 | June 18.........s 27 3.0 47 24 437
1950

148-88-9add.| ....do....... 58 | Aug. 9.)..e.e..| 10 .87 12 680 8.9

L2
o
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Dis- Hardness .
solved as Specific
Bi- solids CaCO& _ COn'.
car- | Car- Chlo-{Fluo-| Ni- |Bo- |(residue per-| duct Source
bon- | bon-|Sulfate| ride |ride |trate |ron on Cal- |Non sg;? - (maitig- pH | of
ate evapo- - -
(Haéga) (COs) (500 | (CD 1 (F) | (NG \(By rat:ipon cium, | car-| um | mhos data
at mag- | bon- at
180°C) [nesium| ate 25°C)
810 34| 294 | 16 vevees|  3u4eeennn 1,308 22 0} 98 a
422 |eeve...01,131 | 13 [ 1.8 J5¢] P 2,070 175 0 89 b
T22 leveraens 334 | 18 0 6.7 eeeen 1,136 126 0| 87 b
841 |........ 279 4.0] 4 8.0 1,145 253 0| 75 b
1,674 72| 145 | 56 [wevee.. 4.0}e.ees 1,925 36 0f 98 a
1,444 82 11 112 ... ceronne fseease| 1,610 29 O 98 | cecocrares|ornaed a
1, 570 heverees 58 | 30 | 1.8 3.5)0eesenqd 1,520 99 0] 93 | veenernonsfoncee b
1, 020 190 001 1.8/0.23| 1,330 54 0 a
629 879 6.0f 0 6.7|cereen 1,894 353 0 b
476 306 | 80 2 | 155 f.eeee 1,269 469 79 b
523 I... 828 | 13 2 18 [....e 1,713] 535 | 107 b
441 589 | 26 0 155 e 1,336 765} 403 b
400 |. 0 1,550 683 355 b
468 |. 0 1,143 1729 | 345 b
487 |. 4 1,680 914 0 b
578 {earee-ed 1.2 1,129 367 0 b
760 1.2 1,634| 374 0 b
807 Jeesees 1.2 18 |w.e.o] 2,381 571 0 b
734 . 1.2 8.9 eren 1,424 387 0 b
583 [... 1.2 66 |.e....| 1,404 421 0 b
522 8 17T Jueew 3,366| 995 567 b
827 1.2 | 133 |..e| 2,327 490 Of T3 [ceeeucarraa]snces b
837 leesarns 1.6 5.8[cenres 2,855 590 O 74 [eevevecines]ennen b
790 |vereers 2.0 2.2|veeene 2,012| 315 0 b
1,390 0 2.7)veeese| 1,813) 127 0 b
628 . 1.0 4.4]ccens 1,084 166 0 b
356 [serreens .1 13 feoeea 1,798 976 684 b
615 0| 320 2.0fcenuene 8: v 1,017 102 0 a
846 foeeeeena] 1120 | 232 1.2 5.30cu0en .1 1,290| 185 0 b
804 0] 435 3.0p 4 3.2 .20| 1,370 374 0| 66 1,900 7.5 a
780 18| 955 5.0 .8 1.7 .20 2,220 62 0] 96| 3,070] 8.2 a
1,183 le.weeal 35 328 | 2.0 2eeeens| 1,567 125 0] 91 |eeversencnsfennen b
608 0| 440 4.0 4 .7 .10 1,160 410 0| 57| 1,650( 7.5 a
1, 940 0 2.5(314 .6 .8/ .20| 2,260 20 0] 99} 3,460( 8.1 a
493 0| 698 5.0)veeuuen 1.8 .30 1,450 422 18 63| 2,010(7.9 a
1, 200 141,150 117 .6 2.20 .00| 2,780{ 139 0f 93| 3,900(8.2 a
1, 510 86| 920 11 | 1.0 2.5 .00] 2,890 68 0] 97| 4,060 8.7 a
756 0f 760 2.0l .2 9 .10f 1,800f 905| 285f 37 2,250} 7.2 a
926 | eeeens | 365 27 .6 44|......| 1,382] 210 0 83 |eveseenan o foerned b
708 |aeeveees] 446 28 A4 2200t 1,382 288 0] 74 [cveeernne fseren b
695 |cerreeas| 368 21 .6 6.64.0use 1,253 .243 0] 79 [eecenneeees fsencad b
922 0 368 10 Je.eeon 1.1euedd 1,386| 216 Of 81 [ieieearareefoen a
1, 280 0| 490 5.0f .4 4.2 .20 1,900| 107 0of 93 2,650 7.3 a

461397 O =58 -3
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Table 5,—Chemical analyses of saline ground water from the Hell Creek formation,
formation, undifferentiated,

Depth Daﬁe Tem- st Total|Cal- |Mag- Sodi Potas-|
s of o pera- [Silica | jron |cium | ne- ium | gjum
Location | County well col-  [ture [(Si0p) ! (Fe) |(Ca) |sium | (Na) | (K)
(feet) | lection ((°F) (Mg)
1950
148-88-36cdd1l|{McLean..... Spring | Aug. 9...] 52 [19 25 56 |39 317 | 8.0
148-90-33dcc. ... 450500 [ Aug.10...| 49 | 8.9 141 6.0 2.0 996 | 4.0
148-91-33daa. J 136 | Aug. 9...|eee.e.| 26 44 |144 |81 820 | 8.4
148-93-17bdd. Spring | Aug. 8...| 49 |24 1.2 | 66 |44 496 | 4.4
148-93-31dbd.|.... .|Spring | ....do.....| 45 |14 83121 |68 162 | 5.2
148-94-20ddd.|.... . 134 | Oct. 12...[eecse.. |23 441 74 (28 250 4.6
149-92-30cab.|... Spring | Aug. 8...[ 45 (16 J191 38 (22 359 | 3.4
149-94-3aba.. |....do........|Spring | ....do..... 48 |13 21 5.0 3.7 792 | 3.6
149-94-15ccd.|....dOecuee.. [Spring | ....do.....[ 49 (14 22| 34 (23 471 3.8
149-94-25abc.[McKenzie...] 109 | Oct. 7...| 47 |16 42113 5.2 874 | 4.6
149-94-36dad.|Dunn.........|Spring | Aug. 8...| 44 |15 54| 7.0 | 5.2 500 | 3.4
150-81-T.cceeae|McLean.co.| 210 | cesvecvacrnsfennanas | 21 2.2 203 |97 174 [eeenenns
150-94-28ada.|McKenzie...]| 414 | Aug.18...[ 52 |21 1.1 |10 4.1 (1,090 3.7
151-76-3.......McHenry....] 300 |iececerennes ceanses 25 10.0 |13 17 421 ... voeel
151-76-3uie0ees]eeesdOuracnnns 300 4 115 |24 486 |ieveranes
151-94-6bbd.. {McKenzie...| Spring 04125 |10 542
152-90-25..... |Mountrail... 90 6 |45 |15 631
152-91-32..... |...udOuunees 259 1.7 |23 |13 742
152-91-32..... [.ceudOuuraren 302 2.0 |40 |23 632
154-79-5cb.... 144 8.0 | 1.3 | 83| 3.2 860 110
154-80-28dc.. |.... 318 | ....do.....| 50 | 8.0 61| 4.7 3.0 706 | 5.2
1921 '
154-100-29c.. |Williams....[ 2,100 | June 22... cccee. [ 21 31| 48| 3.4 640
154-100-29c.. |....dOw..eeenn 640 | May28...| 50 |15 caeeree 52| 4.5 796
1947
155-82-11cc..{Ward.........| 250 |Sept.1l...| 49 | 6.0 ATl 7.5 3.9 980 | 7.2
1921
155-85-11d..uefseas 340 | May 24... 16 1.7 |10 34 920
1556-85-17c....]|....do.. 185, | July 5...|.. 14 |eeenene]orvenes cerenses]rsreccsans fvaneanse
155-85-21d....]....d0.esreens 17§ | ....do..... 15 75116 4.8 882
155-97-36d....|Williams.... 832 June 22 39 24110 3.4 832
155-99-1.. eeeedOueineeas | 142 fiiiaiennenn wolee 33 7 7 6.1 504 ...
155-99-18..... [P [« TOUR, 45 feeeerrncennp. 19 1 76 38 368 ieeenes .
1946
156-79-10aa2.McHenry....| 121.0! July 15...] 48 | 7.4 J|u.....] 5.0 | 2.3 562 |12
1947
156-79-224d.. |.... 114 | Sept.11...] 49 | 9.0 1.8 |12 3.8 863 5.6
156-81-23aa... 238 |....do....| 45 | 8.0 |..... 11 3.7 994 8.8
156-83-5bb....|... 580 | Sept.12...[ 51 | 7.0 32110 5.7 1,050 |11
156-83-12dc...|....do.. 290 | ...do..... 48 | 7.0 6212 3.7 718 | 8.8
156-87-21.cc.0er.edOucucarnn 252 | seueeniiennnfiene .. |19 2.4 319 |79 508 |iieeennn
156-87-21.ceeefeenedOuranennn 27T freeecsonnraesfrennnaed] 45 8.0 | 9.6 |15 1,015 f[eeeennes
156-87~21.ur0eufsee.dOunnnnen. 570 . 3 {13 12 968 .
156-91-21......[Mountrail...| 100 Jd (19 4.4 11,354 |eeensdd

166-91-21C.ec.feredOmanennes 216 09118 7.4 1,499

156-92-28b....leceedOreeneenn 4 185 50116 3.6 520 3.1
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Dis- Hardness o5t
solved as Spce;:i:lc
Bi- solids . _
car- E “: Sulfat Chlo-|Fluo-| Ni- |Bo- |(residue Cacos : :;t i‘;f:e Source
bon- (908 3%/ ride | ride | trate |ron [ on ol Pl pd | of
ate | &t (590 | (C1) | (F) |{(NO3)|(B) | evapo- | Cal- [No- |sodi-|(micro- |75 | 40,
(Hcoq (TG ration |cium,|car-|um | mhos
at mag- |bon- at
180°C) |nesium| ate 25°C)

688 0 415 5.0 0.2 1.90.20 | 1,230 | 300 0|69 1,750 17.3 a
2,420 0 2.5/149 14 1.1} .20| 2,400 23 0 {99 3,540 (8.1 a
1, 090 0 11,590 11 2 7.11.10| 3,270 | 693 0 {72 4,100 (7.3 a

862 0 700 2.0 6 1.71 .20 1,820 | 346 01175 2,500 1.7 a

590 0 435 3.00 4 1.2).20| 1,150 | 582 98 | 37 1,560 [1.5 a

581 0 378 2.00 .6 1.5( .10 1,050 | 300 0|64 1,490 8.0 a

636 0 420 2.0 4 1.8| .20 1,210 | 186 0|80 1,740 (1.7 a

972 | 59 790 3.0 14 52| .20| 2,230 28 0]98 3,100 |8.3 a

870 0 500 2.00 .8 3.8| .30 1,510 | 180 0|85 2,140 1.5 a

964 | 18 1,110 4.0 1.0 2.8 .30 2,540 54 0|97 3,440 8.3 a

720 [ 505 6.5{ 1.0 8.5 eeued 1,490 39 0|96 2,090 (7.7 a

784 |.eueeen 608 7.1 B 16 feeeend 1,579 | 921 (278 | 29 |iveerreenns oesee b
1,440 | 47 (1,140 4.5 .8 2.7| .20 8,070 42 0|98 4,140 8 a

828 |eeeeee | 254 62 21 11 ... J4 1,300 ] 123 0190 Jeoreeeneerd|onnae b
1, 020 |........| 248 66 2 6.7 |.eeeee| 1,364 | 138 0| 89 |icieveeress|seenss] b
1, 010 450 8.0 .6 1.7 |eueeae 1,580 | 104 0192 2,310 8.0 a
1,218 |.......| 519 5.0 .2 Bleeseee 1,938 | 176 0|89 leereeseeifonene b

686 2| 736 8.6 1.0 I R 2,096 84 0194 b
1, 010 f.ueeaasf 721 9.0 4 151 NN 2,097 | 215 0|88 b

908 0 4.8(825 3 2.5(2.4 2,260 34 0199 3,880 7.7 a
1,010 | 102 1.0/ 392 6] 14 12.7 1,750 24 0 )98 2,920 |3.8 a
1, 332 0 6.61236 |eeeerrs|iacsnren froans 1, 580 26 0] 98 |ieverereras|onne a
2, 089 | 29 T 2.2[ceevee [eocneren reseee]| 1,936 31 0198 [evceereeree|snnes| @
1, 030 0 .8/ 940 S 1.2]2.4 2,500 34 0 )98 4,340 7.6 a
1, 954 0 2.61294 Jeverneerfenneed] 2,244 39 0] 98 |eieersecens|enees| a
1,920 | 55 30 |106 L3 heeens] 2,300 [veevernndececens|onnene a

,152 | 29 31 |110 cleveenens [resens] 2,345 60 0197 a
1,479 | 34 8.7|1422 1.9.ee.| 2,124 39 0|98 a

664 |.......|[ 576 7.4 3.1 [eeeeed 1,519 64 0|96 b

666 |.vuee..| 564 15 9.0 1,433 | 360 0170 b

936 | 22 7.5 340 3 2.8 4.6 1,460 22 0|97 2,380 8B8.0 a

758 | 43 1.9 885 3 5.2(2.2( 2,280 46 0|96 3,930 8.8 a

120 0 1.61,150 3 1.511.91 2,610 42 0|98 4,540 B.2 a

936 0 1.4[1,120 3 2.2(2.7( 2,750 48 097 4,790 7.3 a
1,280 0 137 295 37 10 1.3 1,870 45 0|97 2,950 8.2 a

820 |.......| 893 871 3 dl..... 2,131 ] 628 0| 64 [ieeeirenonn oor b
1, 065 |....... 1,351 .19 1.6 2.7 [eeeens 3,004 § 101 0] 96 |icecenceresfsaesa] b
F, 030 |eeersee 15| 354| 3 1.8(.....f 2,391 80 0196 |.. b
1,125 Leeeeeee|1,959 31 4 2]eee| 38,971 35 0|98 [reecereens|renes b
1, 227 0 [2,185 30 Jeeeenes|  4.5|ceeeed| 4,386 5 0 | 98 livievecera]aeeee| a

807 0 494 5.5 .0 2.6 ... 1,440 55 0195 2,170 B.1 a
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Table 5.—Chemical analyses of saline groundwater from the Hell Creek formation,
formation, undifferentiated,

Depth Date |Tem-| sili Total| Cal- Mag- & Potas-
Location | County wfu cg{ Rare (éigs (‘;‘;‘; ig’a“)’ sur Szn;)m S(iﬁ)m
(feet) | lection | (°F) (Mg)
1954
156-97-9...... Williams...| 68 24 |11 1274 | 94 31 ]
156-97-9...... 33 |38.2 | 275 {102 121
156-97-9...... 26 |1 236 108 63
156-98-35....4] vueu 28 1 89 | 52 265
1947
157-79-6dc... | McHenry... 80 |Sept. 11..[47 10 wees| 26 12 1,670 10
158-80-31cc..| «vsedOureesns 160 |....do...... 46 7.0 .62| 19 5.9 | 1,330 8.4
1948
158-81-2cd... 180 |May 28..[...... 4.5] 5.5 30 6.0 [ 1,300 8.4
158-82-7dd... 345 . 12 .0 745 4.4
158-82-17ab..| ... 250 12 3.0 809 6.8,
158-82-19ad..| .... 341 7.0 2.1 843 15
158-84-28aa..| ....d0..c.... 326 3 3.6/ 1.8 710 5.2
158-85-26dc..| +eeadOueraneed 599 |....dO.....l48 9.0/ 1.1 6.8/ 3.5|1,040 8.0
1948
158-85-33bb..| ...c.dOuenren 535 |Sept. 13../46 13 1.6 4.4 6.6|1,000 2.0]
159-80-31dc..| McHenry...|s.ceovevere]seeedonennns 11 |18 25 9.6 | 1,590 4.8
159-81-5¢cb... 29 Jieesenn 54 9.8 603 4.8
159-81-31cc.. 11 2.4 19 6.3 | 1,380 1.7
159-82-2cc... 9.0 .eeneen 18 13 880 6.8
159-82-31cb.. . 6.6(12 12 3.2 791 3.6
159-83-3ba... 9.81 1.9 14 4.3 1, 026
159-83-11ab.. ..c.dOeeesuas 4 310 |June 14.)47 11 2.8 23 11 1,180 6.4
159-84-25dd..| Renville...{ 450 |[Sept. 10..49 16 1.6 11 4.6 | 1,200 6.8
1948
159-85-31bc..) ...udOuessenn 600 |[Sept. 13.{46 12 3.2 8.3 7.0 1,130 1.2
159-86-33bc2{ ....dOweeseed 185 |June 1.4...... J 7.0f .36} 11 1.5 922 15
159-86-36ad.d ..eudOurssessdercananans May 28.4....... 8.5 .0| 11 2.5 1,080 8.8
1947
159-87-26dd.{ Ward........{. 410 |Sept. 10.{46 8.0| 4.1 3.5 1.7 872 6.4
159-102-12...] Williams...{ T8 |.ceccvrereredeusanes 14 |1 79 | 66 439 |oeveranee
159-103-12...f ....d0.......| 165 32 |10 4 (109 583 |-
160-76-8...... Bottineau.. 80 23 |23 483 | 297 402 |..
160-78-11....4 ....dOeeessen 60 38 N 11 11 643
160-78-11....) ....do....... 50 11 .2 11 9.4 591
160-78-14.... «.do...e... 66 24 3 19 20 681
160-79-6...... P [ TR 108 60 | 3.6 89 | 37 445 |..
160-79-6...... P I T, 150 17 (26 76 55 421 feieninnne
160-82-5c¢b... 300 |May 28.J...... 29 118 208 67 392 11
160-82-31cc.{ aeuu 265 |Sept. 12.{45 22 1.7 21 10 681 44
160-83-5¢cb...| ... 265 |May 28.J...... 11 |20 133 | 52 950 7.2
160-83-8cd...| ... 246 . 14 40| 24 | 10 1, 360 6.0
160-83-10bc. 250 11 1.2 13 2.6 766 3.2
160-83-12ad..| .... 2117 30 |11 143 | 42 346 7.6
160-83-21da,,} ++++dOueeere| 250 11 (24 46 10 823 7.
160-84-14dc..| Renville...| 600 11 feeeennn 30 8.0 883 4.

1Sum of determined constituents.
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Dis- ags
B solved | Hardness Specific|
1° | Car- solids -

Ear- bon-|g1¢ate [Chlo- [Fluo-| Ni- | Bo- |(residue Cacoy é’:rn; ‘;‘:::t; Source
:t';' ate |"cgo,) |ride |ride |trate |ron| om o). (Non-|godi- (micro- |[PH | of
(I:Iéog (COS) (Cl) (F) Noa) (B) T‘:;l;?l- cium, | car- | um mhos data

+ mag- | bon- at
1 Sa(').c) nesium| ate 25'(:)

478].... 618 49 0 53 Leeses| 1,460 |1,079 687 b
706 | o4 | 1.6] 1.3 [ 1,597 |1,116] 510 b

632 20 0 116 |.ees 1,329 (1,037} 559 b

818|.ceuuus 310 5.9 8 31 ... 1,164 437 0 b
476 0 1.82,380 31 3.5 2.5 |4,410 114 o] 97 7,800 7.8 a
650 0 191,730 4| 1.5 2.2 | 3,530 12 0] 97 6,310 7.8 a
420 55 45 [1,740 0] 1.9 2.1 | 8,390 100 0| 96 5,670 ( 8.9 a
1,320 30( 200 228 4 5 1.7 | 1,890 30 0| 98 2,810( 8.4 a
1,110, 60| 276 378 2| 2.5 1.5 | 2,150 62 o 97 3,200 8.4 a
1, 070, 0 14 712 3 3.2 (1.8 {2,170 26 0 98 3,470 7.8 a
1, 470 0 4.5 250 ¢ 1.0 2.2 (1.1 | 1,780 16 0y 99 2,850 8.1 a
1, 140 0 1.8 960 6] 1.8 [1.7 | 2,630 32 0] 98 4,540 | 8.3 a
1,320 171 16 736 2{ 3.8 (1.2 | 2,520 38 0| 98 4,070 | 8.4 a
472 16 12 2,240 1| 24 [2.6 | 4,140 102 o] 97 7,120 | 8.2 a
672 0 181 516 B3| 3.7 | .83 1,750 176 0| 88 2,690 7.9 a
626 0 4.0f1, 810 2 8 |2.1 | 3,550 73 0] 98 5,450 | 7.8 a
976 13 2.4 842 3 1.2 2.9 | 2,300 98 o 95 3,670 | 8.4 a
522 212| 508 310 4| 2.9 (1.7 | 2,120 43 o 97 3,170 (9.5 a
848 0 12 11,135 feevver]enscannc]es wees| 2, 651 53 0] 98 Jecercenecesfeanse a
136; 14 61 (1,420 4 8.0 |3.1 | 3,130 103 0| 96 5,450 | 8.2 a
644 71 1.31, 430 S5l 2.5 (2.4 | 3,120 46 0| 98 5,450 9.2 a
1,250 67 4.({ 970 4 S| .55].2,820 50 0| 98 4,140 8.1 a
1, 880 0 26 328 | 2.3] 4.2 | .19 12, 260 34 of 97 3,430 8.0 a
1,490 92 6.4 709 5 .9 | .53] 2,670 38 0| 98 4,230 8.1 a
1, 810 0 .51 305 { 1.8] 1.5 | .20| 2,140 16 0 a
1, 057]. 522 48 .8 6.2 [.....{ 1,644 470 0 b
805 1,033 6.9 6] 1.3 |..eeed 2,245 479 0 b
620 2,663 44 8! 1.8 f[.....{ 4,835 | 2,473 (1,965 b
1,450 99 | 78 | 4| a4 [.0] 1504 15 0 b
1, 450|...... 13 85 4| 40 eevees| 1,456 67 0 . b
1, 670 106 92 | 1.0 44 L.....| 1,774 135 0 . b
566]. 127 5565 B 2.7 |eeees} 1,588 413 0 b . b
595 578 201 8| 1.8 Jeeeeo| 1,717 462 0] 69 [evececenres) ennes b
764 0 26 T13 0 5 | 24| 1,980 729| 103]| 51 2,940 7.9 a
904 28| 524 165 4| 3.3 (2.1 | 1,940 94 0] 94 2,850( 8.2 a
290 0 68 {1,640 2| 1.2 | .50| 8,170 546| 308} 179 4,860 7.6 a
496 8 14 |1, 890 20 1.4 12.2 | 3,560 101 0] 96 6,220 8.1 a
720 20 4.0 1780 4 3.2 2.2 | 1,980 43 0} 97 3,270 | 8.5 a
566 0 72| 580 2| 4.6 | .23 1,500 534 701 58 2,480 7.6 a
618 38f 520 596 4] 8.7 |1.9 | 2,390 156 0| 92 3,460 8.4 a
870 0 241 906 2) 3.0 [2.0 | 2,310 108 0] 94 3,670 7.8 a
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Table 5,——Chemical analyses of saline ground water from the Hell Creek formation,
formation, un-ifferentiated,

Depth | Date Tem- _ | Mag- X Potas-
. of of pera- |Silica Tiorf;;l c?l?}n ne- [Sodium| oo
Location County well col- ture [(SiOz) (Fe) |(Ca) sium | (Na) (K)
(feet)| lection |[(*F) (Mg)
1947
160-84~19dd..| Renville....| 400+ [Sept, 10.{ 49 |26 3.0 112 13 834 | 10
160-87-24bcly Ward..vas.ee 280 [Sept. 9.] 46 | 8.0 [.....es 3.2 3.0 682 | 14
160-88~1Tweuad ceeedOuurennee| 400 [eeiviinecenedennnnns 19 .6 |21 16 527 |evoecones
1921
160-88-20c...| «es.dOessenee.| 313 [May 19.{.......{32 58| 30 16 515
1947 !
161-82-20aal{ Bottineau...| 343 {Sept. 8. 47 |11 1.2 | 83 21 2,730 19
1948
161-83-1aa...| ....dO.cecsess| 350 |Sept. 12.| 47 (11 5.0 | 40 9.4{ 1,930 4
1947
161-83-18cc.s| veeedOuseceses] 340 |Sept. 8.| 45 7.5 | 4.0 | 22 5.0) 1,220 18
161-84-3dd...{ Renville....] 343 |Jjune 15.] 45 |13 28 26 7.21 1,270 6.4
1948
161-84-4bbl. .| Sept. 12.| 47 |10 4.0 | 76 20 2,420 1.6
161-84-13....J ....dO.eeseeesf 343 |, [T [ 24 3 |37 19 1,006 [eeesenees
161-84-16dd. .... Sept. 12.| 44 | 9.5 | 4.0 | 55 16 2,090 1.2
1947
161-85-23ab.. ... Sept. 9.| 46 9.6 2.1 | 26 3.3 1, 000 18
161-86-6bc2.4 ... Sept. 8 48 | 9.0 |27 17 13 543 .0
161-87-1bc... . veaedOnceee 48 10 wenenes | 6.0 3.5 647 6.0
161-87-17bc2{ .... Sept. 9 47 110 1.3 | 40 9.4 B66 Jeesevecee
1948
161-89-3dcl.J Burke........] 94 |Sept. 11.] 44 {19 1.0 | 82 29 905 4.0
1921
161-89-5b.ces| eeedOnneee el 155 |May 20.[ceceeeaf 12 .10} 16 6.6 585
1948
161-89-5ddl.{ ....dO.eecssed 97 |Sept. 11.f 44 {12 2.0 | 12 5.2 605 1.6
161-89-6da...| ceeedOreseseed 70 |..cudOwee..| 44 (12 20| 7.5 4.2 565 2.0
161-89-8cb...| ....do. 102 |....doe...] 44| 9.4 | 8.0 | 89 44 577 2.4
161-89-9bb2.J ....do..... wd 190 |...do....| 43}13 8.0 | 83 49 586 2.8
161-89-21da.{ ....doesseeeed 100 |....dOeeces] 44 13 .08 5.8 4.4 552 2.4
1947
161-89-26dc.| ....do..... | 237 |June 6. 50 {14 .78 8.5 5.0 763 2.4
1948
161-90-11cd.| ....dO.seesces 89 [June 2.[....... 24 2.8 |249 45 440 | 12
1921
162-75-30b...| Bottineau..{ 150 |May 17.[....... 21 Jd0f 4.4 1.5 428
162-75-30c..] ....do.e.ce..| 135 | May 16.f...c... 31 18| 6.0 1.7 478
1947
162-84-21cc.| Renville...{ 415 |Sept. 8. 48 8.0 |eeares| 65 18 2,300 14
1948
162-85-23dd.| ....do.e.....{ 500 }Sept. 12.f{ 47|11 1.5 | 62 16 2,170 .8
1947
162-85-29bb.| .c..dOeeseessdesasens.. | Sept. 8. 45| 6.0 | 2.6 | 13 5.4 996 9.6
162-88-36¢cc.| Burke..eeseed 308 [June 11.] 50 }10 6.0 7.0 4.2 460 7.2




AQUIFERS YIELDING SALINE WATER

Cannonball member of the Fort Union formation, and upper part of the Fort Union
North Dakota— Continued

35

Dis-
solved }h::ness Specific]
. solids CaCOs con-
- s Per- -
- Car- Chlo- [Fluo-| Ni- |Bo- [(residue cent ‘;';c“e  lsource
bon- a(::- S‘;l(f):;e ride (ride |trate |[ron e\?: _| cal- |Non-|sodi-|(micro- |PH | of
ate (COY ( (CL) [(F) |(NOy) ((B) r atigg ciwm, | car- | um | mhos data
FIC s at mag- | bon- at
180°C) nesium| ate 25°C)

906 0 246 | 820 {0.5 | 1.8 |1.6 | 2,530 3331 0 | 84 [4,210 (8.1 a
1,220| 92 6.00 250 | 2.0 | 4.5 36| 1,690 20 O | 97 (2,760 | 8.7 a
1,180]ceceres 95 | 137 | 1.6 | 44 |..ae. 1,380 117] 0 | 91 |eeececensenfionens b
1,186/ o0 100 | 134 |eee...o| 44 fee...o| 1,433 141 0 | 89 |eeresuencefecneed 2

257 O 25 4,290 | .0 | 1.0 |2.1 | 7,390 294 83 | 95 |12,800 | 7.4 a

378 © 402,900 | .0 5 |1.7 | 5,080 138 0 [ 978,760 [ 7.9 a

448| 11 6.2{11,720 | .2 | 5.0 (1.4 [ 3,250 75 0| 9615,710 | 8.5 a

468| 35 491,780 { .2 | 1.0 |1.8 | 3,410 94| ©0 | 96 (6,050 | 8.5 a

286] 6 4.013,830 | .7 7 (1.8 | 6,620 272| 28 | 95 [11,200 | 8.1 a

T69|eenecss 40 (1,190 |0 [18 weees| 2,692 177] 0 | 93 |ececrens b

304 16 4.83,200 2|15 |1.8 | 5,560 203 0| 968,380 | 8.3 a

708 0 6.61,250 2] 9.0 63| 2,700 78| 0 | 96 (4,640 | 7.8 a

914 317 271 | 138 6122 .50( 1,510 96| 0 | 92 (2,320 | 8.7 a
1,160, 0 (1 346 8| 1.8 61| 1,650 30 0 97(2,710 | 7.1 a

648| 19 845 85 | 1.2 .7 .25 2,000 138/ 0| 912,860 | 8.6 a

984 0 (1,400 16 a7 | 53 00( 3,030 324 0| 86(3,940 | 7.6 a
1,530, O 11 36 |eeeees| 2.0 |oewees| 1,472 671 0 | 95 [ceeucerens |orenes a
1,340/ 31 168 25| 8| 1.8 11| 1,580 51l 0| 962,060 |82 a
1,440, 35 64 29 4| 3. 10 1,410 36 0| 971,880 |83 a

582 10 {1,080 28 3125 .18} 2,180 403 0| 762,570 | 8.1 a

848 O 920 14 | 1.0 | 4.0 09| 2,260 409 0| 762,870 | 7.8 a
1,400, 24 4 50 4121 A1 1,400 33 0 971,920 | 8.2 a

964 24 814 36 (1.4 1.8 27 2,170 42| 0| 97(3,09 |83 a

6500 01,120 18| 2124 42| 2,270 806 273 | 542,640 | 7.1 a

644 31 150 | 166 j.... 3.8 |eeeene| 1,159 17 0 [ 98 jeeeccnverasfenenad a

764 12 10| 306 [ceeenes cescrens|oneees]| 1,269 22 0 [ 98 feeemencans|enres a

261 34 153,520 | .0 | 2.2 |2.1} 6,220 236 0| 95[10,700 | 8.2 a

350 0 83,400 | .2 8 [1.9 | 5,860 2200 0| 96| 9,970 | 7.8 a

123 0 141,160 81 2.2 (1.2 2,600 54 0 971 4,620 | 1.4 a

864 63 112 95 | 1.6 5 .51 1,290 35p 0 96[2,080 | €.6 a
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Table 5.~~Chemical analyses of saline ground water from the Hell Creek formation,
formation, urdifferentiated,

Depth | Date \Temq —— I1451( cal- Mag- . Potas-
3 of of pera-|Silical ;o ") oo | Be- Sodium | o o
Location County | well | col- ture |(SiOz) (Fe) | (Ca) | 5ium (Na) (K)
(feet)| lection |(°F) (Mg)
162-89-18ad..|Burke........]200 |May 29.|....... 3.5 |eerenesd 28 15 508 | 11
162-89-31da..| . 47111 0.12 7.5 4.8 752 2.0
162-91-3dd2..(....d0.eeerse {360  |June  2.)....... 6.5 | 3.2 7.0] 1.3 548 | 18
162-91-27ac.. | ... 45| 12 32| 9.0 4.8 712 | 14
162-93-9abl..|.... 45| 17 80| 4.4 4.4 698 .8
162-93-15bd1.}....dOueeerse. 80 RN 1. JE ceens| 18 50| 4.4 6.6 834 2.0
162-95-4....... Divide...... 365 .| 8 0 12 3.9 786 [seecesess
162-95-4ac....] cceedOeeenceen 265 8.7 feeereen 2.0} 2.1 787 1.2
1947
162-96-5dcl..{.c..d0eeeress|320  [June 4. 47|11 3.5 | 14 3.3 911
163-79~33.....| Bottineau...| 65 ceraseserere|sencsed] 14 4 | 80 77 419 |.
163-80-34.....] «-..dOucrere.. 140 cosavesescas|eaneres| 21 4.8 |4 (18 495
1948
163-84-30cc.. | Renville....[325 May 28..ccceef 22 6.0 | 88 29 724 3.6
19417

163-85-10ba..|....do.eus..e. June 14. 47 (11 ... 37 10 1,530 8.0
163-85-29cd..| ... . Sept. 8. 48| 4.0| 1.6 54 12 4,150 | 12
163-86-17bbl.|... June 6. 54 . 7.0 | 1,400} 11
163-88-28dd.. June 5. 50|11 J.eeee..] 18 3.3 802 7.2
163-90-32..00c [ eeredOuaceaas[223 | caeaenen SPRRN [ 27 1.4 1132 54 373 [secceneer

163-93-8adl..|.... June 4. 46; 8.0 40 8.0 4.4 693 1.2

163-93-29dd.. | o... veeedon.en,| 48] 27 00 89 | 43 519 | 10

163-93-32bd,| o0 sd0mmeeens| 270 | reveeerrnrre| erenne 10 a8 .71 44 | 859 ..
1948

163-94-6Cb... |ve.dOuueerers|260  |June  Zufeerere 5.5 .08l 29 |11 m| 7.6
1947 B

163-94-33aal....d0ennennn270  |June 4 s0[11 | 30|26 | 62| 65| @

163-96-13da.. | Divide.ooos |105 | 2eedouse. 50| 80| 5059 |38 729 | 11
1948

163-97-6ccl..|.e.dounrrn..|264 | SepE. 12.] 4713 80 3.5 48| 69| .8
1921

163-97-6deneus] veredOuenennn|253 | May 21.|eceen. 33 2122 | 80 617
1947

163-97-6dC..vr| veredOuennncn. 242 |May 2........| 30 092 | 76| s609| .0

163-97-29 . onn | coesdOmmoeosne] TT5 | veerarernas ] 18 10 6.4| 14 954 [courrenes
1921

163-97-29d...|ceeedOennr.na[407 | May 21.[...... 21 o1 56| 3.6 700
1947

163-07-31bc.. | evedOureeena|250  |Jume 4| 50| 921 .08 10 | 31| 79| 6.0

163-98-17aa.. | cvidommrerens|216 | May  Zifreeen 761 9.0] 10 | 20| ss6| 96
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Dis- Hard ifi
solved as ness S]::)(;.:flc
Bi- fcon- solids CaCOs  |Per-| gyct-
car- | on | Sulfate| CPI0"[Fluo-| Ni- | Bo- (residue cent| ance Source
bon- ate | (SO,) ride |ride | trate |ron on Cal- |Non- sodi-l¢micro- |[FH | of
ate (CO,) 47 | (C1) | (F) |(NOs)|(B) | €vapo-| cium,| car- [um | mhos data
COs) ration | mag- | bon- at
1838‘(:) nesium| ate 25°C)
202 0 [L000 6.0(0.7 0.0 ]0.38| 1,710 ( 132 0| 88{ 2,360 7.7 a
1,680 0 6.4| 186 (1.4 0 | .17| 1,810 38 0| 98| 2,530 7.9 a
922| 18 | 438 24 11.8 1.5 19| 1,610 23 0| 96| 2,340| 8.2 a
1,850 0 4.0 40 (1.0 83 .10 1,730 42 o 96 2,320| 8.0 a
1,620| 87 12 62 |1.4 N .07} 1,730 29 o 98 2, 570| 8.7 a
1,900( 87 68 55 (1.2 2.1 15[ 2,070 38 0 98( 2,970| 8.4 a
1, 945|...... 36 83 [3.6 6.2 |eeee.e| 1,956 52 0] 97 Laversacaas]oecme b
1,910 © .0l 90 (4.0 1.2 .16} 1,900 14 of 99| 2,810] 8.0 a
1,230| 108 | 784 4 |12.0 2.5 59| 2,520 48 of 97 3,730| 8.8 a
410]ececes 1,019 19 (1.8 09 |..... .| 1,946 518 182| 64 |.eeerenees oeaces b
690|.u.ce.f 332 248 1.2 3.5 [eeeeesf| 1,588 191 0] 85 |ieemetaces fravens b
468 0 98 [1,020 4 |14 65| 2,220 | 339 0} 82 3,700} 7.5 a
/
356 14 9.92,360 | .3 1.0 {1.6 | 4,170 | 133 0| 96 7,590| 8.4 a
310 © 93320 | .4 | 1.0 2.3 5800 184 0| 95| 10,400/ 6.7] a
730[ 24| 725 [,250 | .6 2 1191 3,880 89 0f 97| 6,490] 8.4 a
1,090 44| 758 38 (1.2 1.5 .52 2,260 58 0 96 3,390 9.0 a
633ceeee | 776 21 |1.6 | 8.0 [eeeens 1,728 | 592 T3 60 |eevaresnes frasenn b
1,420 45| 166 70 |12.4 1.5 48! 1,740 38 0 97| 2,690 8.2 a
882, 31| 653 60| 4 | 2.5 46| 1,860 | 399 0| 73| 2,630 8.3 a
1, 927...... A 212 |3.6 1.3 ... 2,110 20 O 99 [aceencenanefoeenns b
518 10 (1,140 28 |1.2 1.4 .16 2,250 | 118 0| 92| 8,020 8.3 a
1,500( 175 2.9 133 {4.0 2 41 1,880 90 0| 92} 3,040...... a
712 71 1,080 48 |1.6 1.0 461 2,430 | 303 0| 83 3,420, 8.6 a
1,450 90 90 100 {1.8 3.6 85 1,730 28 0} 98 2,590| 8.5 a
1, 484 0 85 100 f.eeee] 38 foureee 1, 620 88 0 94 |ieniienclevenns a
1,380, 24 99 99| .8 3.2 .57 1,600 81 0| 94| 2,400 81 a
1,375...... 72 668 (1.4 2.7 Leeans 2,457 75 0] 97 |ireneenees PR b
1,405 0| 52 | 274 |eeveieeerees]ernnen 1,721 | 29 (1Y KT O a
1,490] 108 2.9 258 1.2 1.0 |1.2| 1,960 38 0| 97| 3,240..... a
652 130 | 518 16 4| 1.5 .51 1,620 | 333 0 97| 2,550 9.2 a
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The maximum dissolved-solids concentration was 7,390 ppm,
and about 90 percent of the analyses showed dissolved-solids
concentrations between 1,000 and 3, 000 ppm. Most of the saline
water that is known to be from the Hell Creek Formation and upper
part of the Fort Union formation is of the sodium bicarbonate
sulfate type; saline water from the Cannonball member is gener-
ally of the sodium chloride type. (See fig. 4.)

Because most of the saline water from these formations has a
high percent sodium and a high boron content, it is unsuitable
for irrigation. Water from many of the wells in these aquifers
has excessive color and hardness, and high concentrations of
fluoride, sulfate, and iron.

GLACIAL DRIFT AND ALLUVIUM

Glacial drift of Pleistocene age covers approximately three-
fifths of North Dakota. In the unglaciated areas of the State,river
alluvium of Recent age is widespread in the valleys of the Mis-
souri River and its tributaries.

In areas covered with till, where little or no sorted material
capable of yielding water is near the surface, lenses of sand and
gravel in and at the base of the drift yield small supplies. How-
ever, because many of these lenses are completely drift covered,
there is little recharge and they may be easily dewatered. Wells
t9pping sand and gravel in or at the base of the drift generally
do not yield much more than 50 gpm. Wells in areas of surficial
glacial outwash, however, yield small to large supplies of water,
and some relatively widespread bodies of outwash buried in the
drift yield similar supplies. '

The hydrologic and lithologic characteristics of the drift and
alluvial deposits are extremely variable both laterally and ver-
tically; thus, the quantity and quality of the ground water that
may be obtained from these surficial deposits also vary greatly.

Chemical analyses of saline water from the drift and alluvium
are given in table 6, and the chemical characteristics of the wa-
ter are shown in figure 5. The patterns illustrate the many
variations in type of water and degree of salinity.

Most of the data in table 6 represent water that is only slightly
saline. However, water from wells 143-61-30cda2, 153-67-15cab,
162-90-10cbc, and 163-84-6ad is very saline and contains large
amounts of magnesium sulfate and sodium sulfate.
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Analyses of samples from wells 137-60-25aca, 142-50-2a,
143-88-4cd2, and 164-53-31ccb show the composition of several
different types of water, in which calcium or sodium is the pre-
dominant cation and bicarbonate, sulfate, or chloride is the pre-
dominant anion, The waters are slightly to moderately saline.
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Table 6,—Chemical analyses of saline ground water

[Source of data: a, U. S. Geological Survey; b, North Dakota Geological Survey; ¢, North
per million except

Det?th Da;e Tem_- Sili Total |Cal- Mag- Sodi- | Potas-
Location County ° o pera iy iron |[cium e um |sium
well col- ture |(SiOy) F Ca) sium Na) K
(feet) | lection |(°F) (Fe) |( Mg) | ¢ x)
1921
129-63-12beeweiDickey.. | 22  |June 28,ccecesss| 30 0.13|233 | 72 107
129-71-3d McIntosh,{ 80 |June 20...|eeeseee| 38 3.6 |135 | 52 296
130-47-20d,.,owp Richland.y 263 |June 27...|ceesens| 11 L7510 20 9,2 578
1952
130-48-24Cbbuued cesdOussses| 76 |May 23us suerees 8,2 |300 [170 270
1921
130-50~1324s00ee [ore@Ousueasd 12  |June 27o, byeeeees| 37 | 1.2 |189 | 86 60
130-52-13, do, 72 50 .9 |116 | 61 214 |ieeeeeens)
130-52-13a w.do 22 |June 2T.o eeeeees| 23 .08|232 | 97 12
130-56-1eceeeceeed Sargentee 175  |eereeesereedesseses | 22 9| 21124 572
130-56-1.eseeesendecsdOnerases| 168  |ieeresssscse|oee 20 .9 (183 | 76 271
130-57-2, do, 287 29 2|29 |13 BRI
130~69~3leeseesosfMcntosh,) 70 [June 20.. feeseors| 28 leasees [412 140 8
130-69-31 do, 70 27 .5 (360 |92
130-69-31,0c0e000peeedOuuanee| 70 29 3,0 |418 (110
130-74-31 Emmons, 12 34 0 266 {138

175 | 43

131-55-30a.,0eee [Sargent,,. 220+ |June 28..J ceeeres| 28
131-63-8d, DickeYies| 38 |June 29../
Richland,d 140 |..ceeceenene

=)
'S
©
8o
-3

135 | 46

w
S
N

I

4
1
0
132-49-Taueeeeres [s0s@0ueraeee]| 240 | orirecaesons|oensaee | 23 B8 | 13
132-54-9ueceeeene [Sargent,s | 28  |iisicerssnne|osssecs| 38 L0 153 | 71
132-76-"Teeeeeeses |Emmons,,| 56 aeosens | A S| 97 | 40
133-48-28,, Richland,,| 140 23 1,1 {156 | 42
133-48-29, eeed00ensees| 125 seccsesencas 24 1.4 |101 | 31
133-48-29,, ed0ueeeess] 137 cronsee 26 1,1 89 | 29
133-48-29.cueeeee|eecd0neranee] 140 | erereeosocee|osssese| 29 2,4 1102 | 33
134-56-11b,..... |Ransom.., 30 |[June 30,,{s0eesee| 33 .201164 (112
134-62-33... LaMoure..| 121 |.ieeceonecee]sncense| 21 3,0 {104 } 49
135-72-117,, . 18 19 .1 1104 | 30
136-6T=5,00nee0es 74 26 1.4 76 | 62
137-56-13b, 44 |June 34 80252 | 81
137-58~14 400000 [o0sdOsaecese| 12 [seeeeevesces|ssseasa| 21 .7 1209 {103 264 |eeconene
137-58~144useeee [0ea@0snranes| 14 [eeecesecrsoe]osceass| 21 .1 (357 173 305 {eeneanes
1949
137-59-9aad.... jeeedOuraraca| 20 |Jan. 13.,[ceceess 9 1385 | 34
137-59-10bCbese {seedOsanceas] 11 | e0edOsesnne|osassns 4,4 (154 | 51
137-59-10bCCuus [s0ed0uuuseas| 31 [Jan. Sieelesseses T (147 | 75
137-59-~14bdb,es {0eedO0seseses 35 [Jan. 10, «2 [311 (110 T0  |econeses
137~59-14Cab.se {e0e0uscares| 45 |Feb, 26ee [ensesss 2.6 | 12 | 14 380 |eeseeoes

642 |480
340 | 73

137-59-14dcdl..f.eedOseccnss] 39 [Feb. 8..|cesesee 3.0
3.5
5,6 (142 | 63 378 lereesses
3.1
1.1

137-59-19dcc, .. [seedOsacasse| 80 [Jan. 13.,|eeeesee
137-59-29bbb.ee [400Q0u0saeses] 97 | eeedOurrane|ee
137-59-30aaa,,. of 112 Jan, 10, fe. cssesses
137-59-30bCb,ee [eeedOuaasese| 35 |Feb. 2Bee|ecseres |sesseses

27 | 15 417 |eeesense
547 |42 110 feeecsves
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from glacial drift and alluvium, North Dakota

Dakota State Health Department or State Laboratories Department. Analytical resu'ts in parts
as indicated]

N 0
s](:))ll‘j;d Hardness Specific
Bi- solids as . con-_
car~ Car- Chlo-{ Fluoq Ni- | Bo-|(residue CaCOs Per-| duct Source
bon- botn— S(lgéi;e ride |ride |trate | ron| on Cal- | Non- s‘:ﬁt (t::incc; pH| of
ate - - .
ate |&G (C | (F) |(NOs)| (B) | evapo- | ciym | car- |um | mbhos data
(HCOs) ration | y,ag- | bon- at
18302 o aesium| ate 25°C)
403 0| 537 [166 liewd 2.0 1,143 878| 548 21 a
549 0] 669 | 42 3.8 1,524 551 101] 54 a
378 0| 3714 |472 10 feeeess| 1,678 88| ol 93 a
200 0 {1,790 [ 30 |ieveres| 4 2,660 1,444]|1, 2801 29[ evessns {oume [ ©
410 0] 453 | 72 |leeewee | 33 leeweed 1,2071 825 489 a
535 leweesed 519 | 22 |0 0 1,246 | 543| 104 b
410 0] 517 | 62 lieeeene| 40 1,310 978| 642 a
517 loewena| 853 | 67 [1.2 1.6 1,840 | 167 0 . b
515 Joeeeel 820 | 72 | .2 5,7 1,688 | 764] 342 44 [.ceeeeemsedie| b
710 14 |495 |1.3 5,3 1,497| 130 0| 90 |aeesesecasdses | b
537 0 1,236 | 27 L. 2.0 2,405 | 1,60011,160 | 11 |ucererensedins | 2
463 978 | 22 | .2 6.7 1,986 | 1,175{ 1795 . b
405 }..e... (1,082 |178 |0 8.8 2,304 | 1,505|1,173 b
410 ,....J 697 [188 | .4 4.4 1,869 | 1,239 903 b
520 0| 763 44 §ipeeee | 2.9 1,650 614| 188 a
6417 0] 479 | 126 |eeeers| 1.6 1,487| 233 0 a
300 1,058 | 328 |1,4 6,7 2,365 | 537| 291 b
327 leeeeea 1,116 | 354 (4,0 4,0 2,572 192 0 b
392 435 | 96 |o 1.3 1,169 { 686! 365 b
426 [aeee.| 621 | 28 | 2 1.0 leeess| 1,323 409 60| 61| . ..ceielvens] b
274 |oit| 848 |265 | w6 o 2,037 | 580 | 855| 62| 7 TCITN b
314 | ieeee| 914 [ 275 13,6 2,117 390 1331 T6|, . ceesere voess| b
327 heewess| 959 [282 (1.3 o18leeeens| 2,178 | 371 103 | T irees vonee] b
351 leeeees| 832 [228 (1.4 Adlennad 1,938 | 421 133| T3|..ceiivens seens] b
190 0! 510 |[178 80 1,297 | 869 a
571 [eeeees| 482 | 152 }0 3.1 leeeee| 1,580 | 478 b
283 |ieeseea| 672 | 22 | .2 1a3 [eeenes] 1,268 | 386 b
529 |,e.eee| 618 22 | .2 o5 hecess| 1,338 | 474 b
403 0| 856 | 14 |ieewee| 25 feeese| 1,601 | 962 a
393 |.ieeens [1,056 | 73 |0 3.5 leeees| 2,029 | 953 b
366 |seeeee 1,031 {392 |0 U25  liseess] 2,950 | 1,605 b
0 o 775 |705 | .1 0 475! 475 c
478 0| 783 {218 |0 13 leeerss|soseesenns| 545| 153 c
321 0| 458 [121 | .1 |17 lee ! 414 | 151, ...... c
451 01 790 106 |0 48 |eesees|seonsnceend 860 [ 11|, eeeuee coene] ©
342 | 65| 507 (118 | .6 T |escese|sseasesaced 88 0 90| reeaess conen| €
399 [ 0 3,790 206 |0 L52 3, 5801/ 3, 253 c
178 | o0 p,080 (320 | .1 p17 | 1,150 |1,004 c
218 | 0 | 884 |240 | ,1 [V 665 | 486 c
309 | 36 48 14388 10 0 leeoee | 130 0 c
164 | 0 [2,080 | 50 |0f 26 |esaces| sumescasesl 1, 370 |1, 236 coscesoner sened €
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Table 6,—Chemical analyses of saline grourd water from

Depth | Date | Tem- Total| Cal- [ V28" | tadi- |Potas-
. of of |pera-{Silica ne
Location County well col- | ture {(SiO,) iron |cium gy | um | sium
(feet) | lection | C°F) (Fe) | (Ca) | (mg) | (Na) | (K)
1949
137-60—4bab,,Barnes ewmee| 160 [Jan. 13..d eeceees 1.4 {540 |346 531l |eeccerces
137-60~25aad, |...do 87 |[...do, 1.0 {104 [ 37 | 379
137~60~252C24 |¢0edOeneceron .3 |888 [260 | 184 |eeessee
137~60~30baall, .d0seseesese eseesene| o6 [196 51 104
13T7~69-26,, ees| Stutsman,, .| 16....| 3 187 |170 42 Leeesormn
137~69=26 eeue |,..do 22 ceavene| 27 1,1 {260 [169 | 103 Leeeveeen
137-69~26bacY|,..d0ueeensecs 25 [Nov. 21 .351180 [150 | 690
1850
137~69~26bcabceedOuecracese 22 |Dec. 2 60 |120 | 140 Jreeeeeen
137~69~26bdd9],.,d0ueeecsess 20 |eee@O00ecces] sosvoen 120 {200 250
1946
137-84~1dd,, .. {Morton,,e.s 17,6{Sept. 17.d eereeee 2| 64 | 87 382
138-55-13,,0004 C2S5eseeceeee 30 |.eeercerensepoconces| 39 0 |556 {281 | 165 |eeesseere
138"56-18-0»»D 34 Ty 42 1.2 114 38 421 sessesses
138-56-18 ..do 13 cosenes| 29 0 1224 [124 | 321 leceecses
138~56-18 0000 |0eedo 28 eenses| 32 9 1206 (104 | 291 Leveeses
138~56-18 do 15 27 0 (260 [108 | 257 leceesees
138~56~18,,.0. | eaedo 18 ceeeee | B 0 (207 | 99 | 310 |ieeerenes
138-56-18, do 16 asenes | 30 J (177 91 140 {oceeeiee
138-56~18,0000 | e0e@00teesases 14 |.iceeeccccccfocecaes | 24 2,0 |248 |118 234 leeevecens
138-83~14ab,, [Morton ,ee.. 28,9 Sept. 17 .1 |458 [111 3
1947
139-96~12ab,, |Stark, e eeeeee 25 [July 18..)eeeeees | 20 7.2 (215 [120 | 245 10
139-97-10dd,. |... 40 |...do 13 .45[325 113 | 118 7.6
139-97-14da,, {oeeOurrerecss] 30 |eee@Oueune|ovseses | 25 313 { 97 | 134 1
140-54-30..... Cn« 30 19 91220 [ 73 | 328 |ieevesnes
140~55-19..... 22 35 .4 |531 |323 7 VI NN
140—56—19.....lsames........ 25 | ecensemrase|seceens | 34 A (245 1160 [ 75 leceeres
141-49-6 Cass, 200 28 1,4 | 52 | 20 | 468 |eeeeseos
1921
141-49-6C. 0000 |s0ed0urssseaes| 149 [June 2Uedecesees | 35 14 |51 | 15 363
142-50-2, " do 185 14 91 | 85| 749 |leveson..
142-50-22 0000 [00ed00aseseeee| 135 [Junme 24..J[.......| 32 .53( 83 | 24
142-59-31,.... [Barnes..cusees 29 Jueversornnosfesencss | 30 .3 (185 [114 [, 3 S A
142~59~31 do. 20 28 - 99 64 251  liccessece
1946
142-61-6cad.. [veedOseesasess 60 | Sept. 15,.d cecenes 2 |20 | 44 90
142-72-3 Kidder 55 32 )21 [180 | 56 | 190
142-72-~3, veedo, 65 30 1.4 (147 | 43 | 168
1483~50~3,.00000[CaSSeseacance 207 |eaensecercne booosees| 25 2,0 |158 63 | 866
143-56-17,00s0 Barme€Secsanass] 25=30)ccuseeennses poosceasnf 31 1.4 (474 210 118 Lecceceer
148~56~17100s |eeedoO. 25~3 o 25 .3 |1587 |106 83  |ieeocense
148-56=17,.... |ee.do 26 veeeses| 32 2.2 |620 (309 | 197 |..ceener
143-59-19,.... |...do % N J 20 A4 162 [153 25 |esersones
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Dis- .
solved Ha:d;ness Specg;f-x ‘,

Bi- |car- solids CacCo. Per-{ duct-

car- | pon-| Sulfate] Chlo-{Fluo{ Ni- |Bo- |(residue } _|cent| ance Source
bon- | ate (SO %) ride |ride | trate | ron on Cal~ | Non- fodi~|{(micro- [PH| of
ate i(Cog) (Cl) | (F) [(NGs) | (B) | evapo-) cium, | car- Jlum | mbhos data

j(HCOg) ration | pao.| bon- at
IS%EC) nesium| ate 25.C)

488 02,920 2901 0 30 Lecese|esenssesnse| 2, 780 (2,380 29 |, wlesee| ©
34 01 452 | 34210 2 | veescee| 410 128] 67 |eeveuerersd sses| ©
494 0| 1748 [1,780{0 4 11 we| €
398 0| 475 7810 0 Leverefoonseccsonsl 700 | 374] 24 |ersserees] sose] €
710 411 T8 42 1177 leveeef 1, 1,171 583 7 |eeesaserredosss| b
570 631 2421 .2 {183 Llueees{ 1,929 {1,350 883| 14 |sveeeecesfoseed B
570 1,340 280 4eeaee}390 hoooes 1,070| 603] 58 sees| ©
340 17| 8§90 A7) casseeh 56 Levose[sessecsers] 650 3420 82 creiveeresfonns| ©
270 24(1,110 | 210§ .00l 43 1,140| 878| 33 ....J c
886 0f 266 95 1.6 02 heeose| 1,400 312 0] 73 2, 030|7,6 a
568 2,146 | 174] 2| 6,6 3,842 | 2,589 (2,123| 12 |iesesssevee|sseed b
587 425 312 2 3.1 Leeees] 1,667 452 O] 67 | cesosesces |osees] b
735 580 41119 6,2 2,148 [1,0931 490] 40 |seccenssses]soss b
535 660 321 .2 88 2,001 950 | 511| 40 b
381 331 | 613|0 |177 2,024 |1,105| 793] 34 wed b
573 667 304| ,2 5.3 Leeere| 1,988 9231 453 42 [eeveesensee|sseed b
495 547 104 0 2,2 1,456 818 | 412} 27|.. eesed] b
600 617 3471 .2 9 1,999 1,117 625] 32 |sevesesscse|ecesd b
808 041,130 327) 1 2.0 Leesse| 3,030 ] 1,600 936/ 31 3, 370[7.4 a
505 01,100 10f .5 1.5 0,26 | 2,160 |1,030| 616] 34 2, 340(7,3 a
554 0)1,140 121 1§ 18  |ueees] 2,300 )1,280| 826] 23 2,3207,1 a
413 0] 9170 95] 4 1e2 lieesss| 2,560 | 1,180 | 841| 20 2, 95017,3 a
451 873 | 210| .6 1.8 Lewees| 2,026 862 | 492| 46 liecsconrssefssee | b
194 [oeeseee|2,315 | 118| L4 | 29 4,041 | 2,664 (2,505 3 [iiccerccses|esees] b
475 Leeeees| 818 137} 0 3.8 leeeoa| 1,888 11,274 884| 11 b
427 |ieeeeed 211 | 464) .8 7.9 heesss| 1,481 215 0] 83 leeieecocers]osasel b
390 0] 193 | 328].... 1 7.1 1,194 189 O 81 licescsensne|osees] 2
317 435 830 . 6.4 fassecs] 2,415 262 2] 86 Jev viveeen ofecsss] b
212 0] 410 | s890]. .| 15 2,298 | 306| 132| 84 a
418 375 | 202| , 2.7 Lesees| 1,238 931 ] 588l 9 |iesscsecess[senss] b
327 377 | 284 .2 o4 feeess| 1,358 516 |  248] 52 [seeeesscrse]esses] b
464 418 Ly O 680 c
424 629 6710 1,438 686 b
512 424 35[0 1,118 545 b
322 897 946| .8 3,196 660 b
351 1,872 851 .2 3,299 [2,103 b
381 613 39] .2 4,4 Yeenses| 1,324 825 | 513] 18 |ieseseerase|escss| b
369 2,621 | 156] .2 4 poeeee]| 4,701 12,825 2,522 13 lieeserersaefosans| D
385 588 73} .2 4 71 ‘...... 1,469 [1,034 | 718| 5 |iecseserasefosses] b
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Table 6,—Chemical analyses of saline grourd water from

Deph | Date ITem | siica |Totall Cal- N:eg.' Sodi- |Potas-
Location County well col- ture |(Si0g) |iron |cium gym, um | sium
(feet) | lection |(°F) (Fe) | (Ca) fmg) | (N2) | (K)
1947
143-61-21caas [Barnes «eeoes| 30 |Aug., 29 2,1 | 176 70 264
143~61-28bbb- |,,.do 92 |.0edOseess 2.2 1146 | 83 | 394 |.eeevees
143-61-29Cbbs |10ed0eueesened| 28 |May 3l. 2,7 | 192 [132 252 |.aeeecees
143-61-29cdc, o, 70 |Aug. 29 10,0 | 341 [115 216 |eeencnsed
143-61-30.0e00 |seedO, 40 23 A 94 42 T28  |ecesensed
1946
143-61-30cda2| ,.do,.. 51 [Sept, 15, ceecses | aosseses | o3 [ 462 |213 [3,880 resssees
143-61~30cdb4 ,.do, 77 |eesd0ueeose 08[ 176 | 92 | 544 | ,eeeered
143-61-30cdc3| +ed0uurennens 28 o 06216 | 46 | 316 | ,eeeeeed]
1934
143-61-30cdd2| seedCun.peees 22 fFeb. 1. ceneeefsesnsenes| o6 74 | 46 coresen
1946
143-61-30dbb, L..d0seeeseesd| 38 |Sept. 15.f ceeeese) sorsease| o1 1192 | 54 2817 coveseed
143-61-31bab, [roedosmererey 45 |oaudo, 5| 192 | 47 | 352 | o]
1934
143-61-31bbalf,,,do 42 |Feb. T eceeeee| cornneee| O 10 25 .
1946
143-61-32cca, jsee@Osescacscd 46 [Sept, 154 eeceee|ecceceees] o1 | 160 25 203 eetssen
1947
143-61-32daa, [,eed0ureeceee 185 |Aug. 29 [ieeeese|osssases | o5 | 194 1133 133 |eevesses
143-62-8......, wStutsman...“ 26 |oee ‘ 0 {300 |286 | 569 |uueeess
143-62-8 do. 23 217 4124 | 94 70
143-62-8 vendo, 83 | 32 290 (307 | 796 | seseesed
143-62-36cdd, [Bames,.. ued 26 [May 15.] ccessreeesecees | o1 | 136 [115 42 | .iveened
143-65-34,,... [Stutsman,,., 115 |eeecrnessens|oncessed 13 6| 88 [ 38 (1,877 |..,ee00d
143-88-4cdl,, |Mercer.,...J 25.8May  13,| veeeend 18 .05 133 | 65 | 197 .
143-88-4cd2., |2eed0urenrered 21,140ed0usease|sesssee| 8.4 .02 8.% 6,6/ 846 |44
144-56-1, 0000 {Steele,sennsd 55 leeaceseacace|asesesel 12 3 173 | 96 115 |ieeesees
1921
144-56-1b, 45 {June 8.} sevens| 37 2.4 | 500 |176 100
144-56-1b, 30 |40edOseeras|orasans] 34 .74 228 | 79 19
144~56-1b,0eer [s0ed00rececsed 30 |4esdOuuecne]veerans| 37 .40( 341 111 a8
1946
144-56-1bad2 |,..d0ueseeseed 34 [Sept. 6. ceescs| eavennee]| O 291 | 22 45
144-56-1bcal |,,.do, 42 |10ed0uesene 0 |560 | 85 5.1
144-64-12,,... |Stutsman,,, 36 eeerseed 22 0 382 (163 38  |ieconves
144-89-23 Mercer. 28 27 (20 | 152 | 56 89 | eeeeres
1921
145-50-6Dapees | Traillypeeeee) 200 [June 24.seeeeea| 37 1,6 | 142 | 54 929
146-59-24C,... |GTiggSeeaeses 21 [June 9. eeeeeeel 31 08| 198 112 475
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Dis- Hardness Specific
solved as con-
Bi- |Car- solids CaCO Per-| duct-
car- bi::- Sulfate| Chlo- [Fluo-| Ni- | Bo-|(residue 3 n:t a:ze Source
bon- | ,:e (so ride |ride |trate |ron on Cal- |Non- podi-|(micro- pH| of
ate oy 9 (CY) | (F) |(NOy))| (B) | evapo- | cijum, | car- |um | mhos data
KHCO)" ~ ¥ ration | mag’ | bon- at
at o
180°C) nesium| ate 25°C)
360 807 62 lieaeces poossess oseeee| sevoconsase| 727|432 heose [ ©
565 927 98 Levenee coeeed sos 706| 243 PO
491 1,282 72 esesnd 1,021, 619 beees | €
450 1,308 59 leeevee besosose [soseee]ssvesecsese| 1, 372(1,003 heeee | ©
459 1,372 | 124 |0.4 feecess| 2, 418 421 80 [ececsenres peose b
923 9,020 T2 leeeese hossssee fooveee|ssevceoccse| 2, 28011,524 | 81 | perenae poses| ©
530 1,105 | 205 80|  345{ 59 licvveense bunee| €
902 |sewneaf 875 68 cense 720 308| 49 senee] €
215 0] w32 60 Leseesefesesose Joncee 251 45 Leeene ww| ©
488 800 65 eones 7001 300 wel €
386 934 | 112 |ceees fonsesee posess| aseancanaes| 680|363 beses | C
420 0| 284 70 Leverenfoocorcrafooane 460 116 leeeued consernses pooss| ©
500 |eeeeses] 383 68 Lueees fouseere teooses [eoseseoness| 490 801 47 Luuerereeen prooes
451 796 91 Loeeee bososens foerses| sonsncenaaa| 1,027| 857! 22 leveeresesec|anne | €
471 2,249 305 .2 venee| 4y 3 1,934 1,548} 39 |.ueue we| b
244 561 46 | 2 3.1 feaeeee] 1,156 699 4991 18 ... . b
473 |ieerens|2, 719 310 | 2 |88 |iea.[5,355 |[1,996(1,608] 47 |, ww| b
357 549 34 [eeeees fosranes fosesedoernannsana| 814|521 10 Leveerrenes posns| €
669 |..oeaed 165 |2,613 [1,6 o8 feeere| 5, 250 370 0 92 |eecesrersosfsnna | b
604 438 251 .2 | 67 [0,05|1,240 599 104} 41 1, 740{7,5 E
1,750 | 244 21 76 (1.2 2.0 | .33|2,130 47 0| 95 3, 2809.1 a
484 lieeeee.d 483 99| .2 |53  lieens]1,330 833] 436 23 |seesessscee frases| b
398 0(1,600 120 1.0 2, 752 1,972}1, 646 coseel 2
437 0 422 94 24 1,164 894| 536 eoved| 2
408 of 720 210 boeasses 1, 700 1,310 975 oeses| 2
373 555 26 Lieeres joesssese [sesnee] sansanensss|  B18| 512§ 11 ecreeicrsaefennad €
495 |,......{1,060 heocsese aseesseeeee| 1, 75011, 344 c
362 1,299 2.1 o 2, 1,625}1, 328 b
500 liueees{ 390 705 loeens{ 1,139 649| 239 b
305 011,241 760 Lacees procerce fosees| 3,431 576 326 T8 leeereireee faese| @
476 0{1,418 104 faeee. | fooesed 2, 691 954 | 5641 52 |cereconees fooees| 2
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SALINE-WATER RESOURCES OF NORTH DAKOTA

Table 6.—Chemical analyses of saline ground water from

Depth | Date | 7o sitica | Total] Cal-| M| Sodi- [Potas-
Location | Comnty | wen | col- | ture |(SiOp | irom |cium|gypy | um |sipm
(feet) | lection |(°F) (Fe) | (Ca) | mgr | (Na) | (K)
1921
146-69-13..... | Wells,....ues [V 31{1 [300 [131 111 |eveevens
146-71~15,0000 [ ees30use 211 8514 (152 [ 10 204
146-73-23,4000 [eeedOuersreras 30 23 | 3,8 |181 | 58 4117
146-71-11,.... | Sheridan,... 22 [recessececse|eosenes| 25 | 4,0 | 49 7.2 454
147-56-3Lsee | Steelerursnes] 60 “ 30 |1 1300 | 60 242
147-56-31,00ee]ese00uunscasas 48 23| .6 (213 | 66 271 liesecaces
147-56-31c0000 [¢00Q00eesasens, 50 . 35 (1,4 (166 | 34 318
14756314000 [ eood0usesssens 48 30| .6 |226 [104 253
147-56-3110000 | ese@Ouaeercnee 36 v 2410 |161 | 33 382 foeerioens
147-56~31400es | caeOeareceaes 48 2816 243 | 83 251
147-56-31eueee | ouado 60 28| .7 |167 | 70 354
147-56-32b,., |...do,. 52 |June 9.} veees| 30| ,30 (408 [187 30
147-56-32b,.. |+eedOuescrses 46 |eeedOusercs|ooocees 30| .53 (302 |165 141
147-62-5,e00ee Fmer'o‘-ooa- 21 |secesnsseree|cesenne 28 3,0 /319 [133 285 |eeeenssse
147-62-5dseeee | ...d0. coseresd 16 [June 9evceees 28| .8 |268 |138 40
147-80-28.....|McLean,....| 30 33| .6 |440 |111 212 [ievcraans
147-80-28.0een | 00ed0cenneaned] 12 [seerennesesferemeee] HL[ 0 |348 [105 296 [seeneanes
1950
147-88-29244,}...d0ss0vsueed 64 |Aug. 9.4 eee..| 3129 70 | 30 400 10
1921
148-51-1bseeee | Traillieeeeee| 162 |June 23, yeveeed 36| 1.5 |168 | 62 982
1946
148-51-25¢cc3,, 10 {Oct. 2 cerened soesemes| 08230 | 46 90
148-51-26dda, 16 |OCL  8.) cecves|sseenned o2 {172 | 41 229
148-51-36,.... sesnnen 4.8 |261 | 88 1,302
148-T0~7ee000e |WellS qypeeees| 157 |eseacaseeene|sosasee 28| 1 59 | 30 450
148-T0~7dessse | s0ed0surecanes 32) .59 59 27
148-84-8¢ McLean,..., 31| .20(187 | 78
150-72~21 00000 | Wells.aareeed 32| 6,4 |153 | 69 221
150~78-4..s0ee | McLean,,.. 160 |ieieecescond secnnee 26 {16 257 131 900
1950
150-91-8ddas.| seedOreseeered 118 [Nov. 3] 46 33| .83 64 | 27 430
151-86-1040eae | Ward...euaue 21 28| .02 36 |138 277
151-86-1010000 | eee@0urnesvasd 25 24| .2 | 52 |202 376
151-86-10.., Oueesneeed 16 [eerseecesced] soreans 19| .2 104 (125 186
151~86-1040000 | eee@00uernceed 24 30| 1.4 |159 |148 168
151-86-1040000)s0ed0000seseed 48 231 .7 (276 [122
151-86-10.000e | s0sdOurercases 28 |eceeseesasas saseons 241 .2 |256 |135 158
152-56-17, Grand Forks 30 {vemeoveseeed soseees] 29| .4 |103 | 91 138
152-56-1, vee0,enveened 20 32] .8 [145 [137 248
152-56~Tse0eee |e0e@00reasceed 38 |eeeensecaced senese 26 .3 |160 |166° 198
152-77334000 | McHenry,.. 35 25| .3 |153 | 77 191
152-86=2T v0ee | Ward,es eeone) 20 36 0 |314 (110 48 |
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D]iszd Haxd QPAriﬂr
0.V as con-
Bi- [car- solids = -
car- b:;_ Sulfate|Chlo~|Fluo-| Ni- | Bo-| (resid Caco z:;t ::cc: Source
bon- | ;e (504) -ride | ride | trate | ron on Cal- [ Non- | sodi-{(micro- pH| of
ate (CO:* Q)| (F) [(NOY| (B) | evapo-|cium,| car- | um| mhos data
(HCOs) "“i:‘“ mag-| bon- at
a i te 25°
180°%c) {1 ¥ 9
532 617 | 321 | 0.6 6,2 lieeeee]1,974 1,296 860 | 16 wee] b
688 294 34 8 2.6 eeeeasi1,185 479 0] 51 wwel b
658 1,002 24 10 1 2,131 710} 1701 57 cewe| b
842 117 | 230 | 3 3.5 1,21 160 0| 87 wws| b
574 |seeeees] 968 36 |0 18  leeeeee2,038 11,003 532} 35 eswes] b
571 891 35 K 2,7 | eeees|1, 792 815 | 347 | 42 o] b
569 710 30 8 6,2 1,596 563 96 | 56 wess] b
549 994 40 4 6,2 2,060 992 | 542 | 36 wesel b
500 |epeeeesl 857 50 8 2.7 1,801 541} 131 | 61 wves b
523 [aeeemd 986 36 8 2,7 | eenes| 1,964 963 wess] b
484 950 68 o2 o7 1,888 7o woes] b
547 0| 998 ([ 213 80 2,522 |1,787 eves] @
464 011,232 42 10 2,339 [1,431 t‘w" a
496 697 | 593 6 9 2,411 |1,351 wcees] b
400 0 430 | 228 250 1,694 |1,240 (1,112 T beosseseas [sovee| 2
503 |iepeees]1,189 | 144 | O 212 2,807 |1,562(1,150| 23 E......... leses| b
718 v 9526 [534 )0 Tl beeeee]2,502 1,360 T71| 33 Leeesocras foesesl b
856 0| 430 20 K 3.810.20{1, 500 298 0| 74 12,030 |7.4 a
290 011,270 | 860 seese |3, 660 674 | 436 | 76 Jesecescses |onees] @
402 |iieeees] 108 | 375 764 | 434 | 20 ovese] C
856 0| 801 | 518 . cosse 598 0| 45 oneedl €
312 1,340 551 {0 20 4,825 11,020] 764 | 14 evees] D
749 359 190 o4 9.7 eeees|1,494 285 0| 78 Lessessees fscassd b
651 0 309 | 170 weeve | 1, 321 258 4] bevess| 2
490 0] 422 10 2.6 |aeneed 1,052 788 | 386 a
651 [eeeeees] 585 37 4 2,7 |eeased 1,460 680 | 146 ecese| b
T66 |egeeesd2,285 | 111 | 0 6.7 |eeesed 4,271 |1,212| 584 osee b
854 0} 500 16 leeceee| 3ol [eeweed 1,520 271 0| 77 |2,160 |7.8 a
444 |,......| 436 | 285 ( O 53 |iesees} 1,509 6611 297! 48 Lececeeses peeee| b
532 Leeeses] 849 | 413 | O 1.8 | ieeeed 2, 385 965| 529 | 46 b
462 [ieeeed 633 | 42 | .8 |106 |.....[1,446 780 401 [ 34 Lewviseooe fswnea| D
349 386 | 284 8 [354 2931 [1,010] 724 | 27 Lucesscess peoses] D
344 |,ieeeeed 569 | 156 61 44 Laee[1,461 |1,195]| 913 [iicees peacvesees b
378 402 {173 [ 0 708 2,111 11,200 890 | b
556 203 | 50 |0 | 27|mmd1.128 | 'es2| 176 | 82 [noo b
581 732 | 104 | O 106 1,851 930{ 454 | 37 [ewee b
624 668 | 140 | O 09 |eeaeed 1,969 |1,083] 571 ] 28 L.eceeee b
390 596 b 2 80 freweaafl,342 699 379 | 37 feasesscasefosses) b
495 798 67 W21 18 |leesee}1,810 ]1,243] 837 8 Lececessss fsress| b
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SALINE-WATER RESOURCES OF NORTH DAKOTA

Table 6,—Chemical analyses of saline ground water from

Depth Date | Tem- Mag- . _
olfJ of pera- Silica Totalf Cal~| . | Sodi-}Potas
Location County well col- ture |(SiOy) | 1FOR Clc‘:‘;n sium &n;) s;;l()m
(feet) | lecton | (°F) (Fe)| ( )(Mg)
1950 . .
152-88-21 seese [Mountrail,,.| 14 26 .0 (157 | 43 3 weeoneerd
152-88-21 40000 |ee0dO, 85 |iiee 38 |50 |549 (211 212
153-58-32, Nelson.eeeees 90 27 8 |16 4,6! 675
153-60-2Turres [caedOrsnraened 15 22 | .8 {178 |121 307
1921 )
153-60-32d,,.. |seudo 18 |[May 4. eevenss] 29| 4.5 {254 (115 288
153-61-25,.,., | Ramsey,,...] 90 26| «2 |52 | 16 629 |ieaerens
153-64-2 eeeeee|s0s0Oneresnend 30 |eeee. 37| .3 (434 |190 416 |ovyeene
1946
153-66-8ddd.. |Benson, ... 22 |Sept. 1.J 1.0 {250 | 97 350
1948
153-66-20bab,|4sedOyeeernses 239 [MAY  4ud ecencesfecesness| o4 |110 417 400
153-66-212ab,]sesdO0sesces ae 103 lAug. 17.J eeee L9 |110 72 450
1947
153-67-2dCaue [eeedOuesancane 72 [June 12.)vecescs]|osecseee| O 25 1 750
1949
153-67-2dCb24] ceedOsenseasess 73 [Sept. 30useveicsfocenanre| <2 | 26 12 830
1946
153~67-3dcd.. [...dO.ecseesesd 96 |Sept. 1. ceveeceefecsenaa|43 1140 ] 36 230
153-67-15.1000 |oundo, 35-40 |evseeerneens foseecee] 20 | 1,0 [267 [102 107 [eveseesee
153-67-15u00ee |oee@Ouessssnned 35 feressererens|eweeees| 21 | .3 [434 (561 [1,124 |oooiin
1952
153-67~15cab, |sesd0sesesseas 50 [May 14 .9 280 |[690 1,990
1946
153-67-15dba2. 22 [July  12Jeeecnefonssnense] 2.1 [440 |220 930
153-67-15dbb 3 40 [0ped0qreeed cosuuee] corences] 1,2 |420 1170 66
153-67-15dbd 1 60 1.0idOsserred socesns| soseenes] 28 [420 | 97 380
153-67-15dccl 25 [sesdOuerered saese 4 (430 [170 110
153-67-19aaa, [...dOussesers 20 |Sept. 1o seseree sneeenes| 20 (180 [ 61 250
1952
153-67-212a4, [s.dOu.eereees 90 |May 9. eeeres pocesees| T | 95 | 84 250
1948
153-67-36bec, |..do 200 [May 4. 35 | 95 | 29 550
154-67T-6uuernes [eeGOrararenar] 206 07 | T6 | 20 | 495 |merueeed
1921
154-100-26a,,, [Williams,...| Spring |May 28, seed 25| 1.1 | 52 | 33 290
155-60-27,.000 [RAMSEYarerad 20 foevreersrrand sneeaed 35 | 3.6 1300 [124 105 |, .
155-60-27, 40000 beodo 20 25| .1 ‘372 141 129 Jwwuonn
155-19-8aa,,., McHenry,,,.| 103 10 .20| 11 5.0 577 [eeenvene
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Dis- Hardness Specific!
solved as con-
Bi- Car- solids Per- | duct-
car- bo;- Sulfate |Chlo=Fluo-| Ni- | Bo-|(residue CaCOy cent| ance Source
bon- | ate |(sO) |ride [ride |trate |ron on Cal- | Non-|sodi-|(micro- FH dof
ate  |(coy) (C1) | (F) |(NOs)| (B) | evapo- | cium, | car-| um | mhos ata
(HCOz) ranton mag-| bon- at
2] esi ate 25°C
180°cy | )
518 luseeened 944 3.0| 0.2 0.4 1,938 582 | 157 59 b
595  |eeeesend 2,214 2,0( 0 4 3,788 |2,334 11,846 117 cssed b
777 392 (343 4 0 1,808 62 0| 96 b
471 |ieeeeaed 1,134 28 .6 4,0 2,204 944 | 558 41 b
517 0 1,174 40 Lleecees | 3.6 logeese| 2,261 1,107 | 683 4 a
576 lueeeeee|1,025 10 R 13 |eeeess| 2,063 200 0| 87 b
527 |eeseres|2,178 | 50 | L0 03 eeeens| 3,940 | 1,867 [1,435] 33 [eeeeareces foees| b
560 0 11,160 [140 ossnssl o 1,020 [ 561| 43 |seeecasees poesa| ©
590 |eeesene 700 80 0 6.4 [ecsces] aecsosenced 470 0| 65 seenceserethe von <
550 |eieeees| 870 {150 03] 26  |eeeeeejacecsseered 070 119| 63 |eesevcocse hooesd €
820 leeeees| 400 [450 | O coses 20 0| 95 |esacensosnshsues| ©
770 14 370 |610 | 0 | 10.8 |eceeed conceseensd 110 0] 94 |cevecenconsposes] €
440 19 460 |140 500 ] 107] 50 |secescescasboces| €
498 |.eee..e| 368 1347 0 | 63 1,607 |1,092| 684] 18 |eeceasses .| b
512 |ereeee 4,445 |569 o4 2.7 7,776 | 3,396 (2,976 42 |eeeeecesesrhress] b
600 0 16,570 |380 [ 0 Luccecse|onacse] osssscssasd 35540 [3,048| 55 |.sesscneeefseeed €
520 0 |3,040 |360 .4 2,000[1,574| 50 heses| €
230 | 48 [1,300 [200 cevenseesed 1,750 11,4821 8 <
350 7 11,680 |160 1,450 [1,152] 36 |eecescscss poasey ©
320 25 1,450 |[260 1,780 [1,476] 12 |eeseesses c
550 0 710 30 ceedl T00 [ 249| 44 [.veeecvase hoess| €
3170 0| 680 86 lieveese| 2l|ececsd esrersensad 580 277[ 48 |.ceceessesfposes| ©
600 |iseasee] 870 [110 | 0 Lieeeseeloncees] soonnsereed 360 O] 7T |eesassanse posse] €
629 |......] 653 |108 | 1.4 03 [eseend 1, 703 280 0] 80 |seeeersncsfposes] b
568 0 428 2.0] coneece| 18 leaeed 1,130 265 ol 70
444 524 366 | 0 106 1.....4 1,845 1,168} 804( 15
591 494 (494 | 0 124 J 2,165 |1,51411,029| 16
1,112 lecerses 7.0| 286 | 4,0 1.31,.00d 1,476 79 0| 95
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SALINE-WATER RESOURCES OF NORTH DAKOTA

Table 6.—Chemical analyses of saline ground water from

Depth Date |Tem- Mag- .
. of of |pera- |Silica| TotalfCal- | 7ol Sodi~ | Potas-
Location County well col- | ture |(SiOpliron [cium |gyup, | um sium
(feet) | lection | (°F) (Fe) ((Ca) Mgy |Na) | (K)
1951
155-79-19bb,..McHenry...| 30,7 {May 30, 43 | 20 0.29 (128 | 48 198 8,7
1921
155-83-14a,...{Ward,.ves.e.{ 200 |May 23.‘. 29 3.2 (125 | 56 320
155-83-14b do Spring |June 17, 35 |esessss |[173 | 58 79
155-83-14cdl,{,,.do, 132 |May 23] 29 .6 | 56 | 27 353
1940
155-83-14cd2....do, 158 ([Feb. 1..eesess | 30 2.3 | 56 | 25 262 |eeesesnee
155-83-14dcl do, 160  |ieeQOueeceof ooeeee | 26° | 3,0 | 52 | 27 2417
1946
155-83-14dd2,4...do, 145  [Sept. 20, seenese poscecsed «10]106 | 33 | 200 |ieeecenes
1921
155-85-11d.,,.. |se.do 30 [May 24, ceeeee | 19 .11]406 {158 108
156-57-24..,...|Walsh....... 25 | eeeeseasseselacceess | 36 1,1 1255 122 143 Jeweereeen
156-57-24, do, 18  |euesrseasere|ooneese | 34 2,6 |287 |167 134
156-60-28,,...0|RAMN5€Yeeees] 25 |eevescacsose|sacense | 20 .6 1101 | 31 432
156-70-8...c00 [BENSOD.eceead 80 |erecersasars|senenes | 33 | 3,0 | 43 7.6| 391
1946
156-79-3dd,...yMcHenry...{ 97.0 [July 9,0 49 | 18 lees.e| 66 | 24 | 457 12
156-79-10a22,J,..do, 121.0 | eeevesccneos] cosenne 74] .09 5,00 2.3 562 12
156-87-21 seeeelWardssesaseed 30 |eecercrcenss|savenas [ 31 .6 [228 (113 32 |evesenene
156-88-12,.....,Mountrail,, 60 | ecemnceesces|soneees | 36 | 4,0 (318 146 198 fereennes
156-96~15,.04t0aedo, 30 | ecececescosisvanaes | 32 .6 {347 |131 120 |eeeroen
156-9T-9,00000e |Williams...| 48 voreee | 30 .3 | 596 251 127
157-58-13,.....Walsh,,,.... 15 veenes | 27 .2 23?»' 117 151
157-58-13 do, 14 [eeecreeserco|oonenas | 28 |13 < 465 | 493 [eeeeerece
157-58-13,000aelsesd0ucenscned 25 [eevecscoeses] ssennas | 26 B 427 |171 905 ] easessese
157-58-13 o, 32  [eececonercse]onsecae | 37 |18 158 | 14 208  |eeesesecs
1951
157-77-5dcl,,.,McHenry...; 40 |June 4 49 | 26 A44)462 1290 75 12
157-80-22bd2,...do, 27,0 |June 9, 42 | 23 1,9 | 232 |281 129 8.6
157-94-36 Mountrail 18 | eerevessossef sonneee | 31 .2 | 76 | 33 342 lvveneese
157-95-27 00 e0eeWilliamseod 60 | ,eoeccaerbos|ssesees | 41 1,2 1186 | 98 50 |eeeeseses|
158-74-14, Pierce, 44 |eevcensenedaenesee | 32 |11,0 (240 | 92 [ 314 |eeeecrens
158-74-14 do., 40 |eeeececesccd cnsenae | 27 3,0 |374 {136 557  |eeecocnne
158-78-8dd1,../McHenry,.s{ 62,0 |June 11, 48 | 19 1,9 | 247 [132 214 1.5
158-79-22aa,.,.}.,.do 13.0 | ceedOpeaeed 52 | 21 2.6 1174 | 47 33 132
1946
158-80-~13aa3, |...do 75,0 {July 2} ceeseee] 18 |ieseees [186 | 68 544 18
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Dis-’

Hardness Specific]

solved as con-
Bi- - solids Per- t-
car- | 520" | < ilfate| Chlo-{Fluo{ Ni- | Bo- Fres@due CaCOs | Per- k duct Source
bon- | e (50, | fide ride | trate | ron on Cal- | Non- |sodi-fmicro- | PH| ©of
ate |(Cog) 9 (1) | (F) | (NOg) | (B) | evapo-iciym, | car- | um | mhos data

(HCOs) ration | mag-| bon- at

183(;’(:) nesium| ate 25'(:)
398 | 30 525 | 17 | 12| 20 1,210 | 517| 141| 451,640 [8,5| a
742 0] 291 232 [eeescedossssecs|oscess| 1,454 542 0] 56 [iesnererses|oened @
537 0 365 6,0 1,093 670 0] 20 eoes) @
T99 0 68 |200 1,135 251 | 230) 75 ere a
67T [eeereesy 67 [133 oT| esneree [anerea| 1,220 245 01 70 vose c
648 [,......; 105 |153 ¢S] cecsans paenes | 1,260 316 0] 69 liveesrseresnened €
T84 Jeveease] 144 1190 eeeeeed cocseoo| oanes | 1,150 390 of 61 weed C
403 0 {1,465 § 26 [eeesce| 1.5[eseace| 2,548 {1,660 [1,830 | 12 Leercossses saned @
371 [4eeeeae]1,032 { 44 6] 16 feeeee | 2,037 (1,144 | 840! 21 liev.eerese)escey D
469 |iie0eee|1,161 | 48 8] 44 |ieeess| 2,286 {1,408 (1,023| 17 wessd D
542 [seeeses| 589 (187 0 11 [eeses | 1,672 390 0y 71 e b
T39 [eeseses| 362 | 60| ,2| 4.4fee..d 1,244 144 0| 86 weed b
659 0 3.9{ 540 4 1.9 1.8 1,440 263 ol 782,630 |7.8] a
980 |eensed] 7.5 340 3| 2.8 1,460 22 O 98 leeecsasens|ocoed ©
523 |aeeeeed 774 14 L1 1leesese| 1,897 (1,185 | 1756 6 el b
603 |4eeeneel1,233 35 0 11 | eeere | 2,547 [1,406 | 912] 24 lucerevesed seeey D
564 | ueeeee| 924|174 2,274 (1,413 b
598 385 3,685 {2,526 b
500 303 1,951 {1,202 b
408 92 5,599 |2, 770 b
462 |.eeead] 504 {6120 o4l 44 feeeeee| 2,161 (1,778 12,8399 1 L.wesereeeefeeneq D
498 |eeeesed] 437 25 1.6 354 1,721 734} 3 39 caoe b
412 0| 408 352 o2 3,800 | 2,350 {2,010 614,480 |7,6 a
378 0| 815 (197 2 3,040 |1,7401,430| 14 | 3,530 |8,1 a
961 fiveeees| 245 16 0 T aeeeee | 1,286 327 0 70 leecsescess|oasss] b
805 112 133 1,4| 18 leewe | 1,118 875| 215| 11 vens b
447 |.veeees|1,250 4.8 A 11 L] 2,261 999 632| 41 feecrenseed aoee b
451 |.ceeeeof2,281 | 11 .1 6.6 pueee! 3,729 |1,503]1,133| 45 |icescercef eaes D
190 0] 468 (430 2! 478 05 2,350 |1,160(1,000| 29 {3,060 (7,9 a
446 0| 222 59 .2| 219 ...l 1,250 628 | 262 811,630 (7.7 a
456 0| 858 505 .3l 6.4/ 1.8 2,470 | 744 370| 613,650 |7.6] a
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SALINE-WATER RESOURCES OF NORTH DAKOTA

Table 6.—Chemical analyses of saline gromnd water from

Depth Date | Tem- Mag- .
. of of pera- | Silica| Total| Cal-) ;. Sodi-| Potas-
Location County well col- ture |(SiOg)| irom |cium{ gy | um | sium
(feet) | lection | (°F) (Fe) | (Ca)| (mg)| (Na) [ (K)
1948
158-82-3db..... Renville,...| 180 May 28 26 8,0 | 73 24 343 7.2
1947
1568-82-22¢d,uedeedOusaearass| 200 |June 14, 46 | 19 7.5 | 55 | 22 359 9.6
1948
158-82-32ab2, 4...do. 275  [May 28,lieeseees] 20 |14 168 | 48 383
158-87-14 Ward 25 leeesernsose saveesss| 20 .6 1115 | 94 | 392
158-87-14 do 21 20 .8 {113 | 96 490
158-87-14 do 25 1. 20 .3 |156 | 66 215
158-87-14 do. 27 cossevscessel sererses| 23 1.3 |108 | 50 313
158-87-14 do, 20 |aeeccsrscnns seesenss| 28 .6 |167 |160 590
158-87-14 do 21 26 T | 70 | 82 271
158-87-14 do 15 20 1.3 1 7 |4 262
158-87-14. do, 14 21 .5 (152 (109 672
158-87-14 do, 24 |eeseccecened svececes| 27 4 129 |61 193 loeeeseens
158-8T-14usveca|0eedOupereeesd 30 23 2| 84 |55 258  leeeessees
159-60-27,.0ees|Cavalier... 43 28 4| 42 |21 692
159-75~12,.....{Bottineauy, ., 10 29 1.4 (143 | 77 56
159 ~78 ~22 seeeedMcHenry, .l 125  |.iveeevecend aneennes] 17 0 18 6.6 | 420
1951
159-78-22bc3,)eeedOuerersesd 62 [June 15. 50 26 48! 48 |123 156 3
159-80-14da2,}...d0vereeeeesd 14 [June 16., 50 24 J6(112 | 61 69= 66.6
159-80-35bbb.deesdOureaneese 25 |Aug. 16 16 170 § 79
1948
159-82-35ad,.JBottineau,. 300 |May 28,]..c.....] 23 7.5 | 74 | 22 307
160-58-20,.,..Cavalier,..d 29 38 4 164 | 70 341
160-58-20 do, 35 25 5[ 21 T.4 | 548
160-68=54s00ese| TOWRDET,000e 20 |ecrvvecnnce pocesenes| 19 .05(405 (198 142
160-69-31,....4Rolette,.... 42 Jaaeerisnnce [onseecned 29 1.6 |152 | 90 62 |ieseseses
1951
160-79-19db2,{Bottineaw,. 90 [June 19.}. 46 | 27 2,0 338 |297 138 9.4
160-80-30 do, 12 |eeesesecoved socoeeesf 14 41141 | 79 125 eeecenees
160-81-24dd do. 7.0 [July 21 JA6| 72 142 39
1948
160-82~17dd2,{s4ed0usesereed 182 | May 28,| coeeeee] 26 3.2 81 | 27 316 8.8
161-52-T,4e0eee[Pembina...d 86 20 6,0 (442 (192 381 e
161-81-35cd,.JBottineat,d 125 |.eeserseend sevecend 27 .3 (186 [ 97 175 |eeeececer
1921
162-69-16b,...|Rolette,,.. 16 | May 6. eeceerssd 30 |seeceasd 159 | 40 152
162-72-25CeusefesedOuereseeed Spring | May 11 35 .06/169 | 19 220
162-72-30b4eee}e..do. 190 [ May 12l.ceeees] 31 [aeeenend 196 | 60 63
162-73-223uu0e}e0ed00seereeed SpPring | ....do....| 43| 30 .07/192 | 65 79
162-75=T,eeeess[Bottineaw,. 50 26 | 1,0 [145 | 69 | 120 i.
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Jis- d ifi

B solved Ha asness Sp::;_ ¢
i- f Car- solids | cacog  |Per-| duct-
car- b:;- Sulfate| Chlo-Fluo-] Ni- | Bo- |(residuel s -,:x:t a:xlze Source
bon-{ .ie (0, ride |ride | trate | ron on Cal- | Non- |sodi-fmicro- [PH| of
ate  1(CO,) 9 (C1) | (F) | (NOs)| (B) | evapo-|ciym, | car- |um ( mhos data
(HCOg) ration | mao” | bon- at
at Ihesium| ate 25°)
180°C)

672 0 134 | 2690.2 3,0 [ o.21 1,360 281 072 | 1,920 |7.8| a
403 0 4117 196 ) .3 1.5 .48] 1,310, 22% 0] 76 2, 059 8,% a
635 0 664 | 140 | .2 3.2 53 1,840 617 96| 571 2,389 7.8 a
9317 528 | 133 |0 29 1,739 675 O | 56 lfeesssessesspoese b
820 |eeeeesd 919 37 |0 80 eecened % 238 680 8 veeer] b
520 284 209 |0 142 1,353 6601 234 coes b
898 lieews, 230 1 107 |0 44 leeeses| 1,306/ 500 0 esves] b
721 1,181 | 116 |0 425  |lieeeess] 2,898] 1,077 486 | 54 leeeesresae]osess] b
671 227 | 143 | 4 [142 1,225 515 0 . b
456 [4eaeen] 295 | 149 | 6 | 62 1,077 372 0 b
917 leeensne|1,264 | 156 | 2| 3.5 [......f 2,899 830 78 b
695 300 74 10 13 leeeewes| 1,128 575 5 b
549 |iueneens 260 | 149 271 1,098 436 0 b
364 laseenso|1, 292 42 0 e feeeeeed 2,356 200 0 b
421 Leieeees| 310 90 |0 11 1,090 680f 335 b
810 43 | 194 | 6| 8.8 ceeened 1,141 77 0| 93 [iecereasorefonces] b
264 18 378 | 193 4161 ... 1,210 626] 379} 35| 1,720 {85 a
198 8 135 49 .2 364 . 1,090 532f 357| 22 1,330 (8.2 a
254 0 525 4.01 2,0 | 60 1,060 748| 540 | 8| 1,340 | 7.6 a
786 0 26 | 216 8 1.8 .291 1,080 275 0| 70| 1,690 |79 a
383 888 | 140 8|11 1,906]  T05| 391 | 52 lieecssssrcaosses] D
366 830 76 | .8 6,7 1,687 86 0| 93 b
429 1,498 [ 160 | 6 | 90  fleeees| 2,995 1,83611,484 | 14 L. ciceceneefennns] b
388 464 65 R L3 [eeweeed 1,148 T53[ 441 | 15 liicicerssacforsed b
418 0 740 372 4 |908 eoeees] 3,490 2,070)1,730 ] 18} 4,050 | 7.6 a
407 495 69 1,105] 678 844 | 29 lieceeerener b
570 0 75 128 1, 240 762| 295 10 , 8.1l a
782 0 8.8 250 | .6 L5 .14 1,150 313 o 68 1,770(80 a
181 327 11,595 | .4 |15 Joowe...f 3,263] 1,992]1,774 | 30 b
286 527 | 292 | 4 | Tl leeweens| 1,534 872] 637 | 31 |ovessees b
493 0 296 98 leesess 1,055 562 158 37 a
481 0 533 8. 1,227 500f 106{ 49 . a
522 51 417 6.0].eceee 1,102f 736| 308 | 16 a
529 0] 428 50 1,068 746{ 312 | 19 lceereen a
607 406 52| 1.4 1,138 667 169 | 29 b
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Table 6,~—Chemical analyses of saline ground water from

Depth| Date [Tem- Mag- .
. of of pera- | Silica| Tol} Cal-1" . | Sodi- | Potas-
Location County well col- ture |¢SiOz) iron | ciumy ciym 1{13'1 sium
(feet) | lection | (°F) (Fe)| (Ca)| (Mg) | €| (K
i 50 deeeenes| 30 [ 1.4 229 87 0
162-75-Tms domeat-l 50 oo 50 | .2 | 223 8s
162-75-15C 00 beadOurueenaes| 14 |MAY 16u} eeseee| 14 | 87| 49| 19 492
1951
162-81-11bcludeedOummereeny] 30 [July 3. 43 20 | .0} 139 79| 31 | 89
1948
162-88-34dc,uiBurke, voeeed 320 |May 20, ceneen]  29] 3.0 | 274 80 | 440 | 7.2
1947
162-89-88d,00edssd0useconses] 182 |June 5,.] 50 25 |30 93 44 | 301 |17
1951
162-90-10cbc. lo0udOseereeed  22,5| Aug. 28,. 16 4075,410
162-94-3, do 26 30 { .36] 228 67
162-94-3.uuees [seadOrunerennd 30 27 |o 63 64
162~-94-3ad2,. [¢eedOsesorres 26 | eeescercrcee| vesseees| 30 .36 | 228 67
163-70-15,.... |ROletterrses] 16 | seceerseces]esseccae] 20 { 1.0 | 154} 30T | 399 |.ceerens
163-70-15,, o [eeedOsesescesd 155 [ seeieonroafonseeceed 36 | 1.0 364| 159 T6  |eeseocaes
163-77-29....., [Bottinean,.,| 45-50 25 13,0 | 353 126 | 47
163-80-5dc,a. |urado, 20 |June 25..| 44 | 22 | .63| 336} 143 46 |43
163-84-6ad,,,, |Renville...! 22 |Aug. 1., 17 33711,370)| 1,210
1947
163-88—4bb,...[Butke.......| 120 |June 12, 45 12 | 60| 440 g 63 | 12
163-88-24bb1, |sedOumreerss | 440 |eedCuuneral 50 23 |eeund 423] 30771 245 | 23
163-89-8ad,eas [eeedOusnssens | 153 [Junme 5,.] 50 13 | 8.0 45| o1 [ 729 3,2
1948
163-89-25ad.. |...do, J 200 |jume 2.l.e...] 2.5 80] 36 21 |91 | 15
163-91-Tbb....|...do, 140 |Sept. 11., 25 [16 1950 45 | 217 2.8
163-92-15bb,, |..do, 200 [June 2u.) cemserss] 12 |oeeeewes| 348] 103 | 402 | 12
164-53-31cab, {Pembina,..,, 23 [Oct 23,, wee| 1o 400! 320
164-53-31 cbc2u.do, 20 {.0edOpee. veereens| 215 | 400|150 40
164-53-31ccb, |,..do, 13 |.idouen . 45| 560|230 | 35
164-53-31ccd2...do,...omme veeee] o531 420) 73 | 170 {eeeeeerns
164-53-31dCCudonsdOvmmromso] - 88| 180 63 | 45
164-92-34dc2, |Burke.overeey 345 |[Sept. 11,,[ 44 8,0 41 33| 58 | 918 | 12
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. Dis-~ Hardness Specific
Bi- | car- solved as con-
car- | bon-|Sulfat solids CaC Per- | duct-
bon-  ate (sci:)e Chlo-Fluo-| Ni- [Bo- residue aCO :;t ;;ie Source
ate |(coy) ride { ride | trate | ron on Cal- |Non- kodi-|(micro- “H| of
(HCO;) (CDf (F) |(NOy) | (B) | evapo-| cjum, | car- [ um| mhos data
ratlton magr | bon- at
a i 25°C
180°c |nesium | ate 5°C)
376 405) 8,00 0 1.8 1,112 930| 622 0 [eceveoeras toees b
583 44| 8,3 0 1.8 }. 1,141 905 427 |sesees|caeroseres waes] b
688 656] 12 ereees] 1,648 200 0] 84 jeueeesaes veene a
276 14 180| 44 .2[300 1,000 672 423 9] 1,330 °.3 a
478 0} 1,430] 42 A4l 4.4 jo,21} 2,680] 1,010 618 48} 3,010 7.2 a
576 33 5938} 72 .6] 3.0 .55] 1,550 413 0| 66{ 2,090 8,1 a
805 0 |15,400{107 2,0 L1 24,100 10,900{10,200f 35| 18,400 7.8 a
48T [eeeesae 1441320 1.6] 22 1,109 844 445 . b
330 | eeconed 659| 93 22| 35 leeenee] 1,447 429 151 b
487 leceosee 144 (320 1.6] 22 1,109 844 445! 1T].eeeseses <asen c
944 |......] 532|646 1,0/ 106  }.....d 2,683 1,654 880] 29f.ccecreees waens} b
561 | weseeer] 1,221 4,0 2] L3 Leeeesf 2,332 1,568 1,108{ 10|seeseeeses c2eeef D
437 | eeeaced 738]220 2| 88 2,041 1,409 1,047  Tlieessseasse aees b
408 0 2901140 .2{ 895 2,430 1,430 1,100/ 6} 2,860 8,0 a
321 0] 8,470| 24 2,0 11 12,900 6,490 6,230{ 29| 10, 100 8,0 a
678 33 884 18 2] 351 .50] 2,020 150 0] 90| 2,960 8,6/ a
305 36| 1,110{299 .4(1,180 | .23} 3,920| 2,320/ 2,010{ 18| 4,600 8,5 a
844 35 872] 58 6] 1.5 .46] 2,220 199 of 89| 3,330 8,4 a
566 5| 1,7101 34 6] 1.6} .40 3,120 176 0 92| 4, 070J 8.1 a
368 0 7541 18 1.4] 3.8} .46] 1,520 67 3701 40| 1,860 6,8 a
396 0| 1,730§ 24 6| 14 42| 8,110] 1,290} 965 40} 3,010 7,3 a
570 1,840 {140 2] 90 2,300 1,833 tesed C
490 |eeeeeaef 1,1201 85 21 6.5 Lecercfessssecsesd 1,600 1,198]  5l.ceceeeees naef €
500 Lovvere | 1,920] 38 |eeerne beoerees 3,280 2.350{1,940] 8]eersries wu|
580 6304310 21170 2,350] 1,340 864 22{..cc.. see eee] €
440 Leveene 3901 1,04 5] 6.5 feeo..| 1,120 T00f 339 12].ieeercere vee] ©
412 1,880} 19 .6 4 1.30] 3,170 317 0] 86| 4,070 8,2] a
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SALINE STREAMS AMD LAKES

Most of the streams in the Drift Prairie and Red River Valley
are not saline. The major streams tributary to the Missouri
River in the Missouri Plateau, however, are slightly saline at
low flow. These tributary streams drain areas where rocks of
Cretaceous and Tertiary age are exposed or lie close to the sur-
face, and they are usually at low (base)flow except during periods
of spring runoff and summer rains. The water duringlow-flow
periods is predominantly of the sodium sulfate type.

Table 7.—Chemical analyses of

[Analytical results in parts per

Instan-~ Cal Po Bi- Car-
Date of collection | f2neous (Silica |Iron| ~ - | Mag- isodium | POtas~ cap- | pop. [Sulfate
€ ol c ™ | discharge |(SiO,)] (Fe) o [mestum) - (Na) Ky |bomate | ate [(SOy
(cfs) (C2)| (Me) (8 |(rCOy)|(COy)
Des Lacs River
Apr. 5,1949....... 1, 590 8.4 10.15{ 15 3.0 12 67 0 17
Jan. . 13126 [..ee. 71| 82 325 728 0 | 530
July 30.4 {13 02| 39| 26 153" 354 0 | 210
Little Missouri River
July 23, 1948..... 340 |13 |0.00] 82| 25 129 136 0 | 450
Dec. 19, 1949...... 4 |15 .06] 46 | 46 533 656 0 | 885
Apr. 4, 1950...... 2,730" | 8.0 | .16 15 3.5 19 68 0 34
Little Mi-souri River
Jan. 1 to Feb, 4,
2L — s |18 |o.02| 123 | 54 525 | 11 622 0 (1100
Mar. 19, 1948.....1| %5, 120 7.3 | .06] 18 5.3 28 100 0 37
Mar, 11 to Sept. 30,
1947..cc0eeeerennnd 11, 360 8.8 | .24| 50| 15 80| 14 175 0| 221
Oct. 1, 1947 to
Sept. 30, 19482, 1457 |14 07 44| 13 97 3.3 163 0| 235
Oct. 1, 1948 to
Sept. 30, 19492, 1596 |1z .02 32| 14 50 2.5 3136 |........} 133
Little Mirsouri River
Mar. 26, 1947..... 25, 400 7.8 10.60] 42 8.7 35 3.8] 172 0 69
June 8, 1948 .... 670 |17 .00 61| 24 263 294 0 | 552
Sept. 8, 1949 .... 13 |16 02| 86| 40 350 456 0| 725
Knife F‘ver north-
Aug. 18, 1950][ 8.0 I0.04| 34 | 17 I 474| B.SI 656| 0 1 595

See footnotes at end of table.
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Chemical analyses of water from saline streams are given in
table 7. For some stations, analyses represent the quality of the
water at high, near-average, and low flows. Weighted-average
analyses are shown for those stations where samples were col-
lected daily. The averages were computed by weighting each
determined concentration with water discharge; they represent
approximately the chemical character of the water if all the water
passing a station during the period of the weighted average were
impounded and mixed. Most of the analyses in table 7 were taken
from U. S. Geological Survey Water-Supply Papers 1050, 1102,
1132, 1162, 1187, and 1198,

saline streamsin North Dakota

million except as indicated]

Dissolved solids Hardness
as CaCOs s
(115 Specific
. o Parts per million gert. conduct-
O- | Fluo- I Nitrate | Boron ; Tons en ance
ride |ride |(NOy) | (B) Re;;due per C,al' Non- | S°- (micro-| PH
CcH | (A evapo-| Sum |acre- ‘::;m_’ car- |dium rhos at
ration foot nesi&m bonate 25°C)
at 180°C
at Foxholm
0.8 | 0.1 3.9 | 0.01 115 Jeceeenneend0.16 50 0 35 157 | 7.2
46 cacraces 8.7 eveennnad 1,500 1,450 [2.04 514 0 58 2,000(7.8
18 .2 2.6 [eeensnesd] 682 feeeieemens| .93 205 0 62 928 | 1.5
at Marmarth
4.0 | 0.2 842 |.cieeenre. [1.15 307 195 48 1,090 7.8
2.0 .6 1,910 | 1,850 |2.60 304 0 79 2,570 8.1
.0 2 138 f.ceeiseend| 219 52 0 44 1871 6.7
at Medora
15 0.4 1.0 | 0.27 | 2,200 | 2,160 [2.99 529 19 68 2,800 8.2
2.0 | .6 3.0 [eeeeernes 182 [iemevenees| 25 67 0 48 2471 17.3
2.6 3 L7 feevarnnan 484 |iceenieaees| 66 186 42 46 704 [......
3.2 .5 2.1 A3 520 |iereeerenen 11 164 30 56 T16 feeenes
) .2 1.6 14 336 [iieeecneres| 46 138 26 44 494 |..... .
near Watford City
3.8 0.1 3.0 | 0.12 260 leemsrernse 0.35 141 0 34 417] 7.7
4,1 3 ) U Al 1,110 1,070 l1.51 251 10 70 1,420 7.7
6.5 4 2.2 39 ] 1,510 ) 1,450 (2,05 379 ) 67 2,030 8.1

west of Manning

l:.'T I 0.6] 2.'7] 0.10] 1,500| 1,46012.04 l 154 l 0 ] 86 I 2, ISOl 7.9
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Table 7.— Chemical analys=s of saline

Instan- | Bi- Car-
. taneous [Silica |Iron Cal-| Mag- Jcosium Potas-| _o_ | bon- {Sulfate
Date of collection | 4ischargefSiO2) [(Fe) °g‘m “(es‘“;“ (Na) ‘(11‘3" bonate | ate | (SE)
(cfs) (Ca)| (Me (HCOs)| (COs)

Crooked Creek

Aug. 21, 1950 11 Pa0fuc o] e08 | 794 | 28 | 900 |

Knif+ River near

July 19, 1946 weeee| 123  |see...ja02| 30 | 13 43 177 | 10 | 138

Mar. 25, 1947...... | 1, 700 6.6 e 10 [ 45| 28 | 76 90| 0 18

Oct. 19, 1948 -..... 3|23 [a1] 41 ] 35 398 664 | 20 502

Knife River

Aug. 23, 1950......., [l 15 Io.osl 51 | 34 l 315 I 8.2] 628 [ 0 I 433|

Knife River

May 31, 1949..... 181 10 j0.01| 50 | 33 356 632 0 488

May 18, 1950...... 357 11 |.0] 47 | 20 130 278 6 230

Mar. 31, 1951......| 7,600 4.1|.40] 14 2.2 20 66 0 27

Heart River near

Jan. 12-20, 1948... o6 23 foo02| 38 | 30 712 9.2|1, 070 0 869
Mar. 31 to Apr. 2,

1949.uureeererenensd 12, 060 7.9].241 10 1.9 15 3.2 48 ] 26
May 17 to Sept. 30,

19472, .eeererrneens 151 14 |.08( 26 | 10 72 73] 3171 |oeaennd 124

Oct. 1, 1947 to

Sept. 30, 1948%,.| 131 9.8|.23] 14 5.0 46 | 11 | %107 feeeeern T3
Mar. 1 to Sept. 27,

194P.eneirerieienes 185 11 |.28) 13 3.1 24 2.8| 364 |isenen. 39

. Canronball River

Aug. 19, 1950.......[...... ...... [ 16 |0.24I 49 I 33 | 322 I 504 | 0 I 515|

Cedar Creek above mouth of

Aug. 29, 1950.......|............I 8.0 Io.oslloz l 61 I 270 I 436 | 0 [ 688]

Duck Creek

Aug. 30, 1950...... l.| 11 Io.o4|109 | 97 | 356 | 356 | o |1, 090|

Cedar Creek

Mar. 22, 1947...... ] 548 3.6L0 | 14 4.5 ul 73] e 0 17

Aug. 15, 1950...e...| 148 12 |.04] 54 | 31 147 224 0 368

Dec. 17, 1950,..... 551 15 |.04| 67 | 74 366 441 0 845

See footnotes at end of table.
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streams in North Dakota— Continued

Dissolved solids Hardness
S as CaCO, Specific
Parts per million Per- |conduct-
Chlo~- |Fluo- Nitrate | Boro cent ance
ride |ride | (NGy) (B)n Residue Ttaer;s Cal- Non- so- | (micro- pH
(1) | (F) on p cium, dium | mhos at
evapo- | Sum |3cré-| mag- | car- 25°C)
ration foot | nesium| bonate
lat 180°C
at Emerson

Ls.o u.sj 0.7 ]] 2,110 [J 2.871 321 ] o] 8o | 2,830 [s.3

Golden Valley

0.9 0.4 14 [.eeeeee. 412 [.ieeeeee..| 0.56 128 0 58 543 [8.2
15 .0 2 |0.06 130 Leceereees .18 43 0 53 193 |7.6
6.0 .6 1.0 J4 | 1,400 | 1,360 | 2.16 246 0 78 | 1,870 {8.2
near Zap
LS.O LO.‘Z l 1.7 |0.30 l 1, 200 | 1,170' 1.63' 267 | 0 [ 71 L 1,690 IS.O
at Hazen
3.4 0.6 1.6 |..en. wo| 1,350 | 1,260 1.84 261 0 75 | 1,870 |7.9
1.0 .2 2.8 |erenses 600 l...cene. . .82 200 0 59 899 8.2
1.0 K 2.9 |0.12 128 Jueieemees 17 44 0 49 170 |7.2
South Heart
7.0 0.7] 13 1.1 2,270 | 2,230 | 3.09 218 0 87 3,100 |8.2
1.0 .6 2.7 .20 112 [eeveeeenes .15 33 0 47 136 {7.6
1.3 Jd B Jeeerenes 356 [seeeenses .48 106 0 58 580 [eeneus
8 .3 1.8 feeeeones P2 I N .32 56 0 59 314 |......
4.7 .5 2.0 13 148 |.ceeemens .20 45 0 52 198 |.....
near New England
I 5.0 0.4 | 0.2 I..I 1,200 l 1, 190J 1.63J 258 L 0 I 73 [ 1, 740 |7.5
Chantapeta Creek
Llo | 0.6| 5.0 I ...... ] 1,420 l 1,360I 1.93| 506 l 148 ] 541 1, 950 I7.5
above mouth
Lu l o.4| 3.3 i] 1, 94'0] 1, 850[ 2.64] 671 | 379 ] 54 I 2,490 |7.2
near Pretty Rock
4.0 | 0.0 0.2 |0.04 116 0.16 53 0 27 169 7.4
10 3 A S 748 1.02 263 79 55| 1,080 |7.5
15 .6 2.7 .58 | 1,610 2.19 470 108 63 | 2,100 |7.9
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Table 7.—Chemical analyses of saline

Instan- B | B- |car-

) taneous |Silica |Iron C'al- zd?g Sodium Pc?‘tlas car- | bon- |Sulfate

Date of collection discharge |(SiOs) |(Fe) C(lc‘;:; n(;‘[‘g‘;“ (Na) S(IK;n‘ bonate| zte [ (SO,)
(cfs) (HCOg) (COs)

North Fork Grand
Feb. 1-4, 1952..... 13,0 [reevveeedennne fornens I IO 924 922| 33| 1,490
AP, 6-B8uvereereennes 111,080 |..... eeeferene forneeens rerveeene| 13 62 0 18
Feb, 25-Sept. 30,
1951%...ceeeven 138.3| 8.1 |0.08 22 9.0 119 7.4 3179 |vennns 198
Oct. 1, 1951-
Sept. 30, 1952%.| 1143 |........ cenee feeneene [oenee el 32 381]..... 49

! Mean daily discharge.
2 Weighted average.

Figure 7 shows salinity-duration curves for the Little Mis-
souri, Heart, and North Fork Grand Rivers. During the periods
of record the streams were slightly saline about three-fourths
of the time at Medora, South Heart, and Haley.

Except for the high-flow part of the flow-duration curves (see
following table), the curves for the period of chemical-quality

Summary data from flow-duration curves

Percent of days flow

Drainage was less than——
Station area Period of record
(sq mile) 1 }10(100|1,000

cfs |cfs |cfs | cfs

Little Missouri River at Medora..| 6,190 [October 1945-September 1953..] 8 |22 | 60 90
Heart River near South Heart..... 315 [June 1947-September 1953......4 55 |86 | 96 99
North Fork Grand River at Haley. 509 [October 1945-September 1953..{ 25 |80 | 95 99

record closely approximate the curves for the period of stream-
flow record. The flow-duration data for the Heart and North Fork
Grand Rivers are considered to be fairly representative of the
upper reaches of the major streams tributary to the Missouri
River and of the creeks and smaller streams in western North
Dakota. The flow-duration data for the Little Missouri River at
Medora are considered to be representative of the lower reaches
of the major tributaries of the Missouri River in western North
Dakota.
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streams in North Dakota— Continued

Dissolved solids Hardness
as CaCOy Specific
Parts per million Per- |condvct-
(r:il::ll: ’ g:ll:- Nitrate ™ | Residue Tons C.:a.l- Non- C::f (ngo- pH
© |» | N O | per |oium, | o7 | g | mhos at
evapo- | Sum | ooy nesiatfm bonate %)
ration
at180°C
River at Haley
12 lecveii feenrennns Jornesenes 3,130 heuernranen 4.26 400 0 831 4,020| 8.4
1.3 [ercenefneninnens 0.28 112 eenrenees 4 .15 47 0 38 149 7.3
2.0 | 0.4 3.4 .30 475 Leemerennnd 65 92 0 72 698 |.cew. .
1.3 Jeeceears|ennreneans 24 174 }eeeeenene 2.37 56 0 58 24T | eeeeee

% Includes carbonate as bicarbonate.

SOURIS RIVER BASIN

Chemical-quality data for several sites in the Souris River
basin indicate that during periods of very low flow (less than
about 5 cfs) the Des Lacs River is slightly saline at Foxholm.
The water is of the sodium bicarbonate sulfate type; the maximum
observed dissolved-solids concentration in samples taken at in-
tervals of about a month during 1946-51 was 1,500 ppm in January
1950, and the minimum was 115 ppm in April 1949,

LITTLE MISSOURI RIVER BASIN

The chemical quality of the Little Missouri River was deter-
mined at Marmarth, at Medora, and near Watford City during
1945-51. Generally, the dissolved-solids concentration was great-
er than 1,000 ppm at Marmarth when the discharge was less than
about 50 cfs and at Medora and near Watford City when less than
about 200 cfs.

The slightly saline water of the Little Missouri River is gen-~
erally of the sodium sulfate type. The maximum observed con-
centration of dissolved solids was 2,230 ppm (discharge, 5.3
cfs) on January 2, 1951, at Marmarth. The weighted averages
for the period October 1947 to September 1949 at Medora repre-
sent annual mean discharges similar to the average discharge, 539
cfs, for 9 years of record during 1923-51.

461397 O ~58 -5
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KNIFE RIVER BASIN

During the period 1945-51 the chemical quality of the Knife
River near Golden Valley and at Hazen was investigated. Analy-
ses of representative samples of high, near-average, and low
flows at these sites are given in table 7 along with analyses of
water from other sites on the Knife River and from Crooked
Creek.

The maximum observed concentration of dissolved solids, which
was in a sample from Crooked Creek, was 2,110 ppm. T-e wa-
ters of the basin are only slightly saline at low flow; sodium bi-
carbonate and sodium sulfate are the major salts in solution.
Figure 8 shows the relation between specific conductance and
discharge for the Knife River at Hazen. Dissolved solids in parts
per million are approximately equal to 0.7 times the specific
conductance in micromhos.

HEART RIVER BASIN

An unpublished report by Rainwater? summarizes the results
of studies of the chemical quality of water in the Heart River
basin during 1945-50.

Table 7 shows the analyses of water from the Heart River
near South Heart for low and high flows and the weightec aver-
ages for May 1947 to September 1949. Generally, the water is
saline only at low flows (less than 10 cfs near South Heart) and is
of the sodium sulfate bicarbonate type. Table 8 shows maximum
and minimum observed concentrations at several stationsalong
the Heart River.

Analyses of samples collected from the Heart River below
Heart Butte Dam near Glen Ullin in August and September 1956
indicated that releases from the reservoir were not saline. The
dam was completed in time to impound the above-normal spring
runoff of 1950.

CANNONBALL RIVER BASIN

The chemical quality of the Cannonball River near New Leipzig
and at Breien and of Cedar Creek near Pretty Rock was investi-
gated during 1945-50. In addition, a salinity survey of the entire
basin was made in August and September 1950. These investiga-
tions indicated that streams in the basin are slightly szline at

2 Rainwater, F. H., Chemical quality of surface waters in the Heart River basin, North Dako-
ta: U. S. Geol. Survey Ms. rept.
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Figure 8. ——Relation between water discharge and specific conductance, Knife River at Hazen,
May 1946-September 1951,

low flow; the water is of the sodium sulfate bicarbonate type.
Several analyses of saline surface waters in the basin are given
in table 7.

GRAND RIVER BASIN

The chemical quality of the North Fork Grand River at Haley
near the South Dakota State line was studied during the period
November 1950 to September 1952. During March 1951—September
1952 water in the North Fork was slightly saline about 80 percent
of the time. (See fig. 7) During spring runoff, dissolved-solids
concentrations were as low as 112 ppm. However, concentrations
of 2,000 and 3, 000 ppm were common during winter rmonths; the
maximum observed dissolved-solids concentration was 3,130 ppm
for February 1—4, 1952, Sodium sulfate and sodium kicarbonate
are the major salts in solution. (See table 7.)

DEVILS LAKE BASIN

Some analyses of saline lakes in the Devils Lake basin are
given in table 9. The water in these lakes is of the sodium sul-
fate type, and the maximum observed concentration of dissolved
solids was 116,000 ppm (residue on evaporation) for a partial
analysis of a sample collected in June 1949 from eastern Stump
Lake.
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Table 9.—Chemical analyses of saline lakes in

[Analytical reslts in parts per

) Silica | Iron | Cal- | Mag- |g,q;,y [ Potas-| Bicar-| Car- \qp 0,
Date of collection (5i0,) | (Fe) | Civm nestum | ",y sium | bonate |bonate (SO

(Ca) [ (Mg) (K) |(HCO,) [(CO5)

Devils

605 | 2,870 242 708 60 | 6,380
303 (1,670 177 548 0 3,480
286 | 1,650 160 583 01 3,450
350 | 1,760 175 524 751 3,700,
398 | 2,250 236 666 811 4,780
316 | 1,730 f..ceveeees| 588 75| 3, 650

East Devils

1,870 {10,300 832 1,120 365 (23, 500)
1,630 | 8,750 837( 1,030 2171 (19, 800]

19524mmreseronen . 1.880 | 9,420 | 811|1,180| 283 |22.200

Western

June 16, 1949..cccemewer] 14  [0.20 |152 | 323 | 1,330 76| 438 0| 3,100
Aug. 1, 1950... 9.1 | .08] 96 | 104 680 70| 288 22| 1,400
May 23, 1951eemeivieed] 15 o124 | 207 990 82| 356 o] 2,170
May 13, 1052......eeene] 9.4 | .20] 53 | 302 {1,240 | 102| 354 ol 2,700
Eastern

June 16, 1949......ce..e.s] 16 0.10 | 33 |5,710 [21,900 956 930 220 |55, 5001
.] 13 .06 4.014,130 |14,300 985 711 107 |36, 200
11 seeseee| 133 13,970 |14, 100 860 797 77 35, 900
12 .08 7.6]4,480 |15,000 { 1,000 849 121 |39, 500

Free Peoples

June 20, 1949..........-..| 38 lo.so] 80 | 92 lz,sm[ 104] 1,410 358' 3,600[
Sixmile

June 20, 1949.............| 16 To.ozl 64 ] 120 | 488] 52[ 409 o] 1,159
Spring

june 20, 1949esrssrreennna| 13 [0.06 112 | 280 | 819 ss| 406 24/ 2,30
Cranberry

June 17, 194..creemreneed] 22 lo.oz 4.0| 5.o| s,zzo] 65|2,250 3,270[ 9,73q|

Stink
June 17, 1949.............[ 17 I0.0SI 41 [ 590 16,370[ 185[ 464 43|13,00d
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Dissolved solids Hardness
. as Specific
Chlo- |Fluo- Nitratel . Parts per million T CaCOs Per- [conduct-
ride |ride %:o R ons . _jcent [ a3 | .y
©y | ® (NOy) | '(B) | Residue per Cal Non- sodi- | (Brero- P
on acre- | cium, | car- |° | “mhos at
evapo- | Sum foot mag-| bon- 25°C)
ration . nesium| ate
at 186°C
Lake
1,330 2.0] 19 12,500 | 12,500 | 17.0 | 2,680 | 2,000 | 68| 13,800 8.4
175 .6 1.5 fieesesed] 6,740 | 6,740 9.17| 1,380 931 | 69 8,110/ 7.9
743 2| 5.2 6,700 | 6,680 | 9.11| 1,400 22| 69| 8,340 8.1
840 4 241 1.1 7,390 7,210 | 10.1 1, 540 986 69 9,140| 8.8
1,060 1.0 5 1.7 9,340 { 9,270 ( 12.7 | 1,940 1,260 | 69 11,200/ 8.7
T88leececass [seercsace]vcnnsee] 7,080 |eeeeaeereed 9.63 1] 1,500 918 | 68 8,780 8.8
Lake
3,790 3.4 1.3 45,100 | 41,300 | 61.3 7,750 | 6,220 72 38,300 8.7
3,290 2.9 6.8 35,900 | 35,100 | 48.8 | 6,720 5,420| 71| 32,800 8.8
3,590 2.9 [ceecenses 39,900 | 38,800 | 54.3 | 7,750 6,310| 70| 37,000, 8.6
Stump Lake
875 1.0 5.9 1.9 6,470 | 6,100 8,80 1,710 ] 1,350 | 62 7,790 8.0
410 2.0 8 leecenesd 3,110 | 2,940 4,23 667 394 66 4,080{ 8.4
593, 2 4.2 leeeereed 4,400 4, 360 5.98 | 1,160 868 63 5,750] 7.6
750] 4 3.1] 1.1 5,520 | 5,340 7.51( 1,380 1,090 | 64 7,150{ 8.1
Stump Lake
9,890 1.3 73113 108, 000 | 94, 700 [147 23, 600 |22, 500 66 62 600{ 8.3
7,390{ 2.8 10 |....... 69,400 | 63,500 | 94.4 {17,000 |16,200| 63| 48,600 8.3
7,140 2.7| 37 |.c.....| 66,000 | 62,600 | 89.8 {16,700 |15, 900 63 52,800 8.3
8,040 2.9}........| 8.0 70,900 | 68,600} 96.4 {18,400 }17,500 62 57,000 8.4
Lake
| 800] 0.8| 3.0 |........] 8, 830 | 8, 600 I 12.0 I 578‘[ 0 l 90 l 11, 200! 9.0
Bay
I 219[ 0.8 l 4.1 |........ 2,480 I 2,320 l 3.37] 653 I 318 I 60 | 3, 374 7.9
Lake
| 380 o4] 13]...] 4360] 4190 | s.98] 1.430] ,000] 54| 541 82
Lake
| 591|we.| 3.8].....] 23,500 [23,100] 2.0 | | o] 99| 27,600 9.8
Lake
Ll, 670| 3.4! 2.1 [.......l 23, 300 I 22,200 l 31.7 l 2, 530 ] 2, 080] 83 l 2", 90(1 8.3
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Table 9.~—Chemical analyses of saline lakes in

s Cal- | Mag- . Potas- | Bicar-| Car-
. Silica |Iron | N Sodium| _. Sulfate
Date of collection (5i0,) |(Fe) cium | nesium (Na) sium |bonate |t onate (50

(Ca) [ (Mg) (K) (HCO;)| (CO5)

Mission

June 20, 1949....ccci00mee l 13 l0.11| 26 l 421| 2, 290! 228[ 261' 70 |4, 990'
Black Tiger

June 20, 1949..c.ceeieenes r 49 |0.4OI 120 I 708' 3,470| 216I 708] 3 I7,360]

According to Swenson and Colby (1955), the salinity of these
lakes is caused mainly by evaporation; surface runoff has been
insufficient for many years to cause the lakes to overflow. The
lakes lie in the valley of a preglacial river, which, with its trib-
utaries, is partly filled with glacial drift (Upham, 189%, p. 170-
171). Surface inflow to Devils Lake is mostly from Mauvais
Coulee, which is the largest stream in the basin and is inter-
mittent. The lakes may also receive ground-water inflow from
the lower part of the glacial drift, which is underlain by the
Pierre shale. Evaporation from a lake surface in the vicinity of
Devils Lake has been estimated at about 30 inches per year
(Swenson and Colby, 1955), almost twice the mean annual
precipitation.

Waters are classed as briny in eastern Stump and East Devils
Lakes, very saline in Cranberry and Stink Lakes, and moderately
saline in Devils, western Stump, Free Peoples, and Spring Lakes.

SUMMARY

Aquifers of Paleozoic age yield as much as 400 gpm cf moder-
erately saline to briny water of the sodium chloride typ<e to wells
in eastern North Dakota.

The Dakota sandstone, Fox Hills sandstone, and Hell Creek
formation of Cretaceous age and the Fort Union formation of
Tertiary age yield very small to large amounts of slightly saline
to very saline water.
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the Devils Lake area in North Dakota— Continued

Dissolved solids Hardness
as
c11s Specific
Chlo- [Fluo- |y cd Boron Parts per million CaCOs Per- |conduct-
ride [ride 29 Residue Tons - - |cent | ance
(NOy) (B) Cal Non ) . | PH
€1y | (F) on PEr | cjum, | car- |sodi-|(mizro
evapo- | Sum acre- mag_’ bon- | um mht‘\g at
ration foot | cium!| ate 25%7)
at 180°C
Bay

Ll. 170‘ 1.0! 0.9 LZ.BI 10, 000 , 9, 340 l ]3.61 1,800 [ 1,470 L70 l 11, GOOI 8.9

Bay
LI,GOOI 1.4] 3.0 ]I 14,700 |14,ooo [ 2o.or3,210| 2,510| 68| 16,200L8.4

Saline water from the Dakota sandstone is only slightly saline
in the southeastern part of the State but is moderately saline
farther north. Sodium chloride and sodium sulfate are the prin-
cipal dissolved salts in the water.

Fresh water is obtained from the Fox Hills sandstone in the
southwestern part of the State, and small supplies of slightly
saline water of the sodium bicarbonate type are obtained farther
east.

The Hell Creek and Fort Union formations crop out in a major
part of the Missouri Plateau. Generally, saline water from the
Hell Creek formation and upper part of the Fort Union fcrmation
is of the sodium bicarbonate sulfate type, and that from the
Cannonball member of the Fort Union formation is of the sodium
chloride type. Wells in these aquifers produce small to moderate
supplies of slightly saline water in the western part of tke State.

Glacial drift and alluvium of Quaternary age yield slightly sa-
line water in widely varying amounts throughout much of the
State. Because the hydrologic and lithologic characteristics of
the drift and alluvial deposits are highly variable, the quantity
and quality of the water from these deposits also are variable.

The major streams tributary to the Missouri River in western
North Dakota are slightly saline at low flow. Sodium bicarbonate
and sodium sulfate are the principal dissolved salts. Sorme lakes
in the Devils Lake basin are briny, and others are very saline to
slightly saline.
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